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EXECUTIVE  SUMMARY 


The  Norwegian  Crew  Concept  (NORCREW)  is  being  evaluated  by 
the  Fifth  Coast  Guard  District  for  Coast  Guard  Headquarters  to 
determine  If  a  llve-aboard  concept  can  provide  acceptable  mission 
performance  at  the  station/ small  boat  level.  This  concept 
employs  a  single  llve-aboard  boat  moored  at  a  commercial  marina 
to  function  as  a  stand-alone  platform  using  the  Group  for 
operational  control  and  administrative  support  and  conmerclal 
providers  for  maintenance  support.  Existing  Coast  Guard  small 
boats  like  the  41-FT  UTB  do  not  have  llve-aboard  accommodations. 
The  primary  purpose  of  the  CG502001  ( 502001 )  evaluation  Is  to 
assess  the  NORCREW  concept,  not  to  Judge  the  boat.  In  order  for 
the  NORCREW  concept  to  be  fairly  evaluated,  an  "off-the-shelf” 
hull  design  was  selected  and  custcxnlzed  to  have  similar  technical 
performance  capabilities  to  the  Coast  Guard's  41-foot  Utility 
Boat.  The  Research  and  Develoimient  Center  (R&DC)  conducted  a 
comparative  technical  test  and  evaluation  of  the  502001  and  a  41- 
FT  UTB  to  Identify  any  operational  or  technical  performance 
differences.  A  Crew  Adaptation  Study  and  Operational  Test  and 
Evaluation  are  also  being  accomplished  by  the  R&DC  and  results 
will  be  provided  as  two  additional  reports  In  support  of  the 
NORCREW  Concept  Evaluation. 

The  testing  demonstrated  that  In  calm  water,  502001  Is  three 
knots  slower  than  a  41-FT  UTB.  It  Is  nine  feet  longer,  displaces 
23,700  pounds  more  than  the  41-FT  UTB  and  Is  less  maneuverable. 
However,  It  Is  the  technical  opinion  of  the  R&DC's  test  team  that 
the  maneuverability  of  502001  Is  adequate  for  safe  navigation. 
The  502001  Is  overweight,  exceeding  the  manufacturer's  design 
Full  Load  Displacement  by  2,100  pounds.  The  motion  test 
demonstrated  that  the  502001  has  better  seakeeping  abilities  than 
the  41-FT  UTB  In  roll,  pitch,  and  heave.  In  head  seas  with 
significant  wave  heights  of  six  feet,  the  crew  of  the  502001  was 
able  to  sustain  a  speed  four  knots  greater  than  the  41-FT  UTB, 
due  to  the  Improved  seakeeping  abilities  of  the  502001.  Pending 
further  verification  under  the  Crew  Adaptation  Study,  the  reduced 
motions  and  Improved  accommodations  of  502001  may  decrease  crew 
fatigue.  Both  boats  have  similar  towing  and  salvage  capabilities 
and  carry  a  similar  outfit.  502001  has  a  10-lnch  greater  draft 
and  no  keel  or  skeg  protection  for  propellers.  This  potentially 
limits  shallow  water  operations,  but  has  not  factored  Into  any 
cases  to  date.  The  Inflatable  boat  carried  by  502001  adds 
operational  flexibility,  mitigating  the  draft  limitation  and 
extending  shallow  water  capabilities  over  the  41-FT  UTB. 
However,  the  coxswain  will  have  to  consider  on-slte  sea 
conditions  prior  to  deploying  the  Inflatable  boat.  The  range  at 
cruising  speed  of  both  the  502001  and  41-FT-UTB  Is  about  the 
same.  The  fuel  consiunptlon  of  the  502001  Is  significantly 
greater  than  the  41-FT  UTB  at  cruising  and  maximum  speeds. 

It  Is  the  opinion  of  the  R&DC  TECHEVAL  Team  that  there  are 
no  technical  performance  characteristics  of  the  502001  that  would 
have  a  negative  Impact  on  the  outccxne  of  the  NORCREW  Concept 
evaluation. 
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1.0  INTRODUCTION 


This  report  provides  the  results  of  the  Technical  Evaluation 
(TECHEVAL)  Of  the  Coast  Guard  utility  boat  CG502001  (502001). 
This  boat  is  being  used  to  evaluate  the  Norwegian  Crew  Concept 
(NORCREW)  at  USCG  Station  Taylors  Island,  Maryland.  The  U.S. 
Coast  Guard  Research  and  Development  Center  (R&DC)  conducted  this 
testing  on  13-19  November  1992.  Calm  water  tests  were  completed 
in  Chesapeake  Bay,  near  Chesapeake  Beach,  Maryland,  and  near 
Hampton  Roads,  Virginia.  Rough  water  tests  were  conducted  in  the 
Atlantic  Ocean  off  Cape  Henry,  Virginia.  The  tests  were 
conducted  in  accordance  with  the  requirements  of  the  NORCREW  Test 
and  Evaluation  Master  Plan  (TEMP)  [1]  and  the  Research  and 
Development  Support  Proposal  [2].  Test  procedures  in  the  NORCREW 
TECHEVAL  Plan  [3]  follow  the  General  Test  Plan  for  Marine  Vehicle 
Testing  [4]  and  the  Small  Boat  Test  Plan  [5],  except  as  noted  in 
test  descriptions. 

1.1  Purpose  of  the  Test 

The  primary  purpose  of  this  testing  was  to  perform  a 
comparative  technical  test  and  evaluation  of  the  502001  and  a  41- 
FT  UTB  to  identify  any  operational  or  technical  performance 
differences  that  could  have  a  negative  impact  on  the  outcome  of 
the  N0RCR£W  concept  evaluations.  The  testing  also  serves  in 
establishing  a  performance  baseline  for  the  502001  and  provides 
useful  information  for  future  projects  related  to  the  acquisition 
of  replacement  UTBs. 

1.2  Background 

Current  small  boat  stations  have  shore  facilities  which 
require  significant  financial  and  staff  resources  to  support. 
Reducing  or  eliminating  the  shore  facilities  could  reduce  the 
operating  expenses  of  small  boat  stations.  It  has  been  proposed 
that  llve-aboard  boats  could  eliminate  the  need  for  shore 
facilities.  Under  this  concept,  the  "on-watch”  station  crew 
lives  aboard  the  small  boat.  The  crew  operates  the  boat  with  no 
station  support  and  no  shore  facilities.  Since  station 
facilities  are  eliminated,  "off-duty"  crew  members  must  live  away 
from  the  unit.  The  concert  has  the  potential  for  savings  in  crew 
costs  and  maintenance  of  station  facilities.  The  concept  is 
called  the  Norwegian  Crew  (NORCREW)  because  the  idea  is  adopted 
from  the  Norwegian  Society  for  Sea  Rescue. 

The  boat  being  used  to  prototype  the  Norwegian  Crew  Concept, 
502001,  was  constructed  by  Munson  Mfg,  Inc.,  in  Edmonds, 
Washington.  The  boat  was  delivered  to  the  Coast  Guard  in  March 
1992.  It  is  a  multi-mission  utility  boat,  specified  to  operate 
with  performance  similar  to  a  41-FT  UTB.  An  additional 
requirement  of  the  boat  is  to  provide  accommodations  for  four 
crew  members  to  live  aboard.  The  boat  is  intended  to  be  a  self- 
supporting  unit,  without  using  any  Coast  Guard-owned  shore 


facilities.  It  has  limited  office  and  administrative  space.  The 
boat  carries  emergency  spare  parts  aboard.  There  Is  ifeapons 
storage  for  small  arms  and  security  for  classified  material.  The 
boat  has  a  generator  for  electricity  when  underway  or  when  a 
shore  tie  Is  not  available. 

The  primary  mission  of  the  502001  Is  search  and  rescue.  The 
boat  Is  also  capable  of  supporting  law  enforcement,  recreational 
boating  safety,  port  security  and  marine  envlrorunental 
protection.  The  station  also  conducts  other  operations  such  as 
national  defense  and  aids  to  navigation  support.  The  electronics 
suite  and  chart  table  workspace  make  the  boat  capable  of  short- 
range  command  and  control  functions.  The  hull  provides  a  stable 
work  platform  for  weather  conditions  up  to  sea  state  3.  The  boat 
has  towing  capabilities  for  assisting  craft  up  to  40  tons,  and 
has  an  Installed  fire  pump  and  fire  hoses  for  fighting  ship  and 
plerslde  fires.  It  carries  an  Inflatable  boat  that  Is  useful  for 
shallow  water  operations.  502001  has  a  stem  ramp  for  launching 
and  retrieving  the  Inflatable  boat.  The  stem  ramp  has  the 
potential  of  being  used  for  deployment  of  light  equipment  In 
marine  environmental  protection  missions  or  recovery  of  persons 
or  other  objects  from  the  water.  The  operational  capability  of 
the  stern  ramp  Is  being  addressed  In  the  NORCREW  Operational  Test 
&  Evaluation  ( OT&E ) .  The  502001  has  good  radar  and  visual 
surveillance  capabilities  for  close  range  security. 

The  builder,  Munson  Mfg,  Inc.,  won  a  competitively  awarded 
contract  to  build  the  llve-aboard  Utility  Boat  to  Fifth  Coast 
Guard  District  (CGD5)  Specifications.  The  solicitation  required 
the  boat  to  be  based  on  an  existing  boat  design.  The  502001  Is  a 
modification  to  the  Munson  "Hanunerhead”  50-foot  workboat  design. 
Built  In  compliance  with  Navigation  and  Vessel  Inspection 
Circular  11-80  guidelines.  It  has  many  commercial  grade  systems 
not  normally  found  aboard  USCG  or  U.S.  Navy  small  craft. 

The  CGD5  requested  R&DC  support  through  Headquarters 
(G-NRS),  In  evaluating  the  Norwegian  llve-aboard  concept  to 
perform  multi-mission  operations.  This  evaluation  will  assess 
the  feasibility  of  the  NORCREW  concept  to  perform  small  boat 
station  duties  In  a  multi -mission  operational  environment. 

The  R&DC  has  historically  been  Involved  with  marine  vehicle 
testing  and  has  been  Involved  In  technical  testing  of  nearly 
every  Coast  Guard  vessel  Including  new  acquisitions,  such  as  the 
47-FT  Motor  Life  Boat.  By  using  validated  techniques,  the  R&DC 
Tests  and  Evaluations  results  provide  quantitative  measures  of 
performance  to  program  sponsors  to  assist  In  the  decision  making 
process.  The  R&DC  has  a  diverse  core  of  personnel  to  support 
ship  Test  and  Evaluation  This  Includes  naval  architects,  ocean 
engineers,  mechanical  engineers,  and  Instrumentation  specialists, 
both  civilian  and  military. 

R&DC  support  In  the  NORCREW  evaluation  focuses  on  three 
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essential  elements,  technical  comparison  with  a  41-FT  UTB,  crew 
adaptation,  and  operational  effectiveness  and  suitability.  The 
TECHEVAL  of  the  502001  fulfills  the  technical  comparison  element. 
The  NORCREW  concept  assumes  that  the  unit  operated  with  this 
crewing  will  present  no  loss  In  operational  capability  compared 
to  a  single-boat  station.  The  TECHEVAL  measures  the  boat's 
performance  relative  to  the  41-FT  UTB  and  determine  If  any 
significant  differences  exist.  Separate  reports  by  the  R&DC  will 
address  crew  adaptation,  and  operational  effectiveness  and 
suitability. 

1.3  TECHEVAL  Objectives 

The  objectives  of  this  testing  were  as  follows: 

a.  Determine  the  technical  suitability  of  the  design  for 
Coast  Guard  multi-mission  operations  similar  to  those  performed 
by  the  41-FT  UTB. 

b.  Compare  the  performance  capabilities  of  the  502001  to 
the  characteristics  of  a  41-FT  UTB. 

c.  Provide  data  needed  by  the  Project  Evaluation  Board 
(PEB)  to  assess  the  effects  of  the  technical  characteristics  of 
the  502001  on  the  outcome  of  the  NORCREW  concept  evaluation. 

d.  Provide  technical  data  describing  the  performance  of 
502001  to  be  used  In  future  UTB  Replacement  acquisition  projects. 

To  fulfill  these  objectives.  It  was  necessary  to  measure  the 
following  properties: 

♦  Principal  Characteristics  -  Document  the  principal 
characteristics  of  the  502001. 

♦  Vessel  Mass  Propertles/Stablllty  -  Verify  the  weight  and 
longitudinal  center  of  gravity.  Assess  the  vessel's 
stability  and  righting  arm  by  means  of  an  Inclining 
experiment . 

♦  Maneuverability  and  Control  -  Measure  maneuverability  and 
control  of  the  502001  to  provide  tactical  data  and  to 
assess  safety  and  performance  throughout  the  operational 
envelope.  Conduct  standard  and  extreme  operational 
maneuvers  and  measure  the  boat's  responses  during  turning, 
accelerating,  decelerating  and  low- speed  operations  to 
verify  the  expected  performance  and  Identify  any 
unanticipated  responses . 

♦  Speed  versus  Power  -  Measure  and  analyze  the  502001 ' s 
speed  versus  power  relationships.  Assess  the  optimal 
settings  for  the  boat's  trim  tabs  under  various  operating 
conditions . 
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♦  Fuel  Consumption,  Range,  and  Endurance  -  Independently 
verify  fuel  consumption  rates  measured  during  speed/power 
trials  In  various  operating  conditions  and  estimate  range 
based  on  predictions  of  usable  fuel  from  the  vessel's 
tankage.  Determine  limiting  parameters  on  endurance. 

♦  Times  to  Get  Undezvay  **  Provide  data  for  developing 
operating  procedures  and  assessing  the  boat's  capability 
for  quick  response  missions. 

♦  Flreflghtlng/Dewaterlng/Emergency  Response  >  Assess  the 
boat's  capability  to  provide  assistance  In  case  of  fire, 
flooding  and  other  emergencies.  Although  a  requirement  In 
the  TECHEVAL  Plan  [3],  this  area  was  not  addressed  due  to 
time  limitations. 

♦  Visibility  from  Deckhouse/Conning  Stations  -  Visibility 
from  boat  control  and  conning  stations  is  crucial  to  safe 
and  efficient  operation.  Document  and  evaluate  visibility 
via  sight  lines,  photographic  and  other  techniques. 

♦  Noise  Survey  -  Measure  the  level  of  airborne  noise  present 

under  different  operating  conditions.  Identify 

significant  noise  problems. 

♦  Human  Factors  Engineering  -  Identify  potential  Human 
Factors  Engineering  problems  which  could  Impact  the 
outcome  of  the  NORCREW  concept  evaluation.  Report  on 
specific  areas  for  further  examination  by  tuman  factors 
experts . 

♦  Rough  Water  Performance  -  Verify  through  sufficient 
testing  that  the  speed  and  seaway  operational  performance 
Is  as  good  as,  or  better  than,  that  of  the  41 -FT  UTB. 
Determine  any  operational  limitations  of  the  boat  In 
various  sea  states. 

Slde-by-slde  seakeeping  tests  were  conducted  with  the  502001 
and  a  41-FT  UTB  during  November  13-19,  1992.  For  the  TECHEVAL, 
It  was  necessary  to  document  the  motion  characteristics  of  both 
vessels  In  the  same  sea  conditions.  Results  from  previous  41-FT 
UTB  tests  reported  In  references  [6-8]  were  extracted  to  compare 
power  versus  speed  and  maneuvering  characteristics  to  the  502001 
test  results. 

The  configuration  of  502001  tested  In  this  report  is 
"as  built"  by  Munson  Manufacturing,  Inc.  of  Edmonds,  Washington, 
except  for  the  following  modifications  completed  since  the  Coast 
Guard  accepted  delivery  of  the  boat  In  March  1992. 

a.  Engine  Rating  was  changed  to  Increase  horsepower  from 
650  hp  to  735  hp  per  engine. 
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b.  Changes  in  outfit  and  minor  habitability  changes  made  by 
the  crew  have  contributed  to  a  vfeight  grovrth  of  approximately 
1 , 677  lbs  since  the  boat  was  delivered . 

c.  In  addition  to  the  weight  growth  from  operational 
outfitting,  300  lbs  of  R&DC  test  equipment  was  installed  to 
conduct  the  testing. 

d.  The  normal  crew  of  502001  for  operations  is  four  persons 
versus  three  for  a  41-FT  UTB.  During  the  R&OC  tests,  five  to 
seven  persons  were  aboard  (crew  and  test  personnel). 

1.4  Testing  Performed 

Table  1.1  lists  the  individual  tests  conducted  for  this 
TECHEVAL.  Each  test  is  intended  to  provide  data  to  support  one 
or  more  of  the  TECHEVAL  specific  objectives  defined  in 
Section  1.3.  In  general  these  test  can  be  classified  as: 

a.  Calm  Water  Tests  -  Tests  which  primarily  require  minimum 
wind  velocity,  current  and  sea  state. 

b.  Rough  Water  Tests  -  Seakeeping  and  other  tests  which 
require  unidirectional  wave  conditions  in  excess  of  sea  state  3, 
but  less  than  sea  state  5. 


TABLE  1.1 

LIST  OF  TECHEVAL  TESTS 


Phase  1  Calm  Water  Tests 


TEST  NUMBER 


TEST  NAME 


T-1 

T-2 

T-3 

T-4 

T-5 

T-6 

T-7 

T-8 

T-9 

T-10 


PRINCIPAL  CHARACTERISTICS 
STABILITY/ INCLINING  EXPERIMENT 
(includes  craft  weighing) 

TACTICAL  DIAMETER/TURNING  PERFORMANCE 

ZIG-ZAG  MANEUVER 

SPIRAL 

ACCELERATION  AND  CRASH  STOP 
SPEED  VS  POWER 

FUEL  CONSUMPTION,  RANGE  AND  ENDURANCE 
TIMES  TO  GET  UNDERWAY 
ONBOARD  NOISE  SURVEY 


Phase  2  Rough  Water  Tests 

TEST  NUMBER  TEST  NAME 

T-11  SEAKEEPING  PERFORMANCE 

T-1 2  SPEED  VS  SEA  HEIGHT 

The  next  section  of  this  report  describes  each  test  with  a 
brief  discussion  or  reference  to  the  procedure  used,  followed  by 
the  test  results.  Detailed  test  procedure  descriptions  can  be 
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found  in  the  TECHEVAL  Plan  [3].  A  summary  section  follows,  which 
identifies  strengths  and  weaknesses  of  the  prototype  boat  and 
points  out  any  anomalies  in  the  test  results.  The  report 
conclusion  synopslzes  all  aspects  of  the  TECHEVAL.  Appendix  A 
Includes  results  of  an  inclining  experiment  conducted  by  the  R&DC 
to  measure  static  stability  of  the  502001,  and  Appendix  B 
Includes  details  of  noise  surveys  performed  on  the  502001  and  the 
41350  at  Station  New  London,  Connecticut.  Appendix  C  contains 
all  of  the  502001  and  41500  slde-by-slde  seakeeping  performance 
data. 


1 . 5  Test  Equipment 

Figure  1.5.1  illustrates  the  major  test  equipment  used  to 
conduct  the  TECHEVAL  and  the  general  locations  aboard  the  502001. 
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2.0  502001  TECHNICAL  CHARACTERISTICS 

2.1  T-1  Principal  Characterlatic« 


This  tx>at  is  Intended  to  be  similar  In  capabilities  to  a 
41-FT  UTB.  Table  2.1.1  gives  an  overview  comparison  of  the 
principal  characteristics  of  the  ttio  craft. 


TABLE  2.1.1 

PRINCIPAL  CHARACTERISTICS 


BOAT  CHARACTERISTIC 

5Q2QQ1  [11] 

4X-rT  UTB  [8] 

LENGTH  OVERALL  (FT) 

50*6" 

40*8" 

BEAM  (FT) 

16'4" 

13'6" 

DRAFT  (FT) 

4*10" 

4'1" 

FULL  LOAD  DISPLACEMENT  (LBS) 

54,400(*) 

30,700 

HULL  MATERIAL 

ALUMINUM 

ALUMINUM 

CABIN  MATERIAL 

ALUMINUM 

FIBERGLASS 

MAXIMUM  SPEED  (KTS) 

23. 0(*) 

26.0 

IDLE  SPEED  (KTS) 

5 

5 

FUEL  CAPACITY  (GAL) 

644  (at  95%) 

450 

ENGINE  MODEL 

DETROIT  DIESEL 

CUM4INS 

8V92TA 

VT903 

TOTAL  BOAT  HORSEPOWER 

1470(*) 

640 

CREW  SIZE 

4 

3 

HEIGHT  OF  EYE  (FT) 

10»6" 

8*3" 

VISIBLE  HORIZON  (NM) 

(*)  Results  from  TECHEVAL 

3.8 

3.3 

As  can  be  seen  from  the  above  table,  the  502001  is  larger  in 
length,  beam,  draft,  and  dlspla^ment  than  the  41-FT  UTB. 

The  502001  has  several  features  including: 

♦  A  waterline-level  stem  door  and  ramp  that  can  be  lowered 
to  assist  in  operations  such  as  launching  an  Inflatable 
boat  or  other  objects,  or  recovering  objects  from  the 
water. 

♦  Trim  tabs  to  control  vessel  trim. 

♦  Electronic  engine  controls. 

♦  A  "trolling”  valve  to  allow  low-speed  operation. 

♦  A  hydraulically-driven  fire  pump  powered  by  the  boat's 
engines.  The  electronic  engine  controls  automatically 
adjust  the  hydraulic  pressiire  based  on  the  pump  demand. 
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FIGURE  1.5.1  Location  of  Test  BquipMant  cm  Board  the  502001 


♦  Sleeping  Quarters  for  a  crew  of  four  in  two  bunk  rooms  and 
a  main  cabin  settee  that  converts  to  a  berth  when  needed. 

♦  A  special  house  load  battery  dedicated  to  boat  service 
that  is  not  part  of  the  engine  starting  system. 

♦  Heating  and  air  conditioning  system  for  all  living  spaces. 

The  hull  shape  is  a  deep-V  design  with  a  16*  deadrlse  angle. 
Views  of  the  boat  are  shown  in  Figures  2.1.1a  through  2.1.1c. 
This  hull  has  no  skeg.  The  propellers  are  the  lowest  point  in 
the  navigational  draft. 

The  502001  has  an  aluminum  hull  of  5086  alloy  plate  and  6061 
alloy  shapes.  The  hull  has  30-lnch  frame  spacing.  The  hull 
plating  is  5/16-lnch  thick.  The  deckhouse  and  deck  are  3/16-inch 
plate.  The  41-FT  UTB  is  constructed  of  3/16-lnch  aluminum  plate 
except  for  frames  11-13  where  5/16-inch  plating  is  used  to 
withstand  extra  load. 

2.2  General  Arrangement  and  Details  of  the  502001 

Discussion  of  the  General  Arrangements  of  the  502001  will 
parallel  the  discussion  of  41-FT  UTB  arrangements  in  the  41-FT 
UTB  Type  Manual  [7].  Readers  familiar  with  this  reference  may 
follow  along  to  compare  the  layout  of  the  two  boats.  Figures 
2.2.1a  and  2.2.1b  illustrate  the  general  arrangements  of  the 
502001,  and  Figures  2.2.2a  and  2.2.2b  illustrate  the  41-FT  UTB 
for  comparison.  The  drawings  of  the  502001  were  extracted  from 
the  builder's  drawings  in  reference  [11]. 

Chain  Locker:  The  forward-most  compartment  is  the  anchor  line 
and  chain  locker.  The  compartment  is  accessed  through  a 
watertight  deck  hatch  and  contains  the  boat's  anchor  line.  A 
hawse  pipe  for  the  anchor  line  comes  through  the  deck  Just  aft  of 
the  forward  tow  bitt. 

Forepeak  Void;  A  watertight  void  space  for  buoyancy  and  damage 
survival  is  provided  below  the  chain  locker. 

Forward  Cabin:  The  forward  cabin  provides  berthing  for  four  crew 
members  in  two  staterooms.  Each  stateroom  has  two  bunks,  limited 
hanging  storage  and  a  sink  with  a  mirror.  Each  stateroom  has 
sealed  windows,  and  a  skylight  for  additional  lighting  which 
doubles  as  an  escape  hatch.  Just  aft  of  the  staterocxns  is  the 
head.  On  the  port  side  is  the  toilet;  on  the  Starboard  side  is  a 
shower.  Aft  of  the  head  is  a  ladder  into  the  main  compartment. 

Crawl  Space;  Beneath  the  forward  cabin  is  the  crawl  space, 
accessed  through  the  storage  and  utility  space.  The  crawl  space 
provides  access  to  tanks  and  equipment  in  the  forward  part  of  the 
boat  including  the  Grey  and  Black  water  tanks,  marine  sanitation 
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FIGURE  2.1.1a  Outboard  Elevation  502001 
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FI6URE  2.1.1c  View  from  Astern  502001 
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FIGURE  2.2.1a  502001  Ganaral  Arrangenants.  Part 
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FIGURE  2.2.2a  41-FT  UTB  General  Arrangements.  Part 


FIGURE  2.2.2b  41-FT  UTB  General  ArrangcMiiente,  Part  2 


device  and  treatment  chemical  tank,  forward  bilge  pump  and 
forward  AC  unit. 

storage  and  Utility  Space;  Beneath  the  deck  In  the  main  cabin  Is 
the  storage  and  utility  space.  This  compartment  Is  accessed 
through  a  hatch  In  the  deck  of  the  main  cabin.  In  this 
compartment  are  the  forward  fuel  tank  (315  gallons  at  95%), 
C02  fire  control  system,  fresh  water  tanks,  bilge  pump  for  the 
space  and  storage  shelves  for  boat  outfit  and  emergency  spare 
parts . 

Main  Cabin:  The  main  cabin  Is  accessed  through  a  watertight  door 
In  the  aft  bulkhead  of  the  cabin.  In  the  main  cabin  forward  on 
the  starboard  side  Is  the  coxswain's  station  with  engine 
controls,  helm,  gauges,  radios,  fathcxneter,  autopilot,  radar, 
direction  finder,  and  compass.  The  coxswain  has  a  chair  that  can 
swivel  Into  two  positions.  On  the  port  side  forward  Is  a  chart 
table,  book  shelf,  filing  cabinet,  and  a  safe  for  storing 
classified  material.  Aft  on  the  port  side  Is  the  galley  settee 
seating  for  four  with  a  table.  The  table  top  drops  down  to 
convert  the  settee  Into  a  fifth  berth  If  needed.  The  HVAC  for 
the  compartment  Is  under  the  forward  seat  of  the  settee.  Aft  on 
the  starboard  side  Is  the  galley.  It  Includes  a  refrigerator, 
trash  compactor,  cabinets,  stove  top,  convection  microwave  oven, 
sink  and  entertainment  system. 

Engine  Room;  The  engine  room  Is  accessed  from  a  deck  hatch  In 
the  main  cabin  or  through  a  watertight  hatch  on  the  main  deck  aft 
of  the  cabin.  In  this  space  are  the  two  main  engines,  the 
generator,  electrical  distribution  system,  and  the  fire  pump. 
The  space  Is  equipped  with  C02  system  for  firefighting.  To 
prevent  a  C02  charge  from  venting  out  of  the  engine  room  while 
attempting  to  extinguish  a  fire,  gulllotlne-type  vent  covers 
automatically  close  over  the  engine  room  Intakes  when  the  C02 
system  Is  activated. 

Lazarette :  This  space  Is  accessed  through  a  watertight  hatch  In 
the  aft  well-deck.  In  the  lazarette  Is  the  hydraulic  steering 
system,  rudder  posts  and  aft  fuel  tank  (329  gallons  at  95%). 

Main  Deck:  On  the  main  deck.  Just  aft  of  the  cabin.  Is  the 
outboard  motor  for  the  Inflatable  boat,  the  pyrotechnics  storage 
locker,  the  tow  bltt,  and  shoretle  connections. 

Well  Deck!  Aft  of  the  main  deck  Is  a  well  deck.  Stored  In  the 
well  deck  area  are  the  P-5  dewatering  pump,  fenders,  and  a  tow 
reel  with  600  feet  of  3-lnch  nylon  tow  line.  The  well  deck  has  a 
hinged  transom  door  with  a  electric  and  manual  winch  for  raising 
and  lowering.  The  transom  door  may  be  lowered  horizontally  as  a 
work  platform  or  dropped  further  as  a  stem  ramp. 
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2.3 


The  boat  Is  powered  by  two  Detroit  Diesel  8V92TA  engines. 
The  engines  are  designed  to  produce  735  shaft  horsepower  each  at 
2300  Engine  RPM.  The  3-lnch  Aquamet  19  steel  propeller  shafts 
are  driven  through  Twin  Disc  reduction  gears  with  a  2.04:1  ratio. 
The  shafts  drive  32-lnch  diameter,  32-lnch  pitch,  four-blade 
propellers.  The  boat  Is  equipped  with  a  trolling  clutch  to  allow 
slow  speed  operations.  Engines  and  gears  are  controlled  with 
electronic  throttle  controls. 

2.4  Electrical  Power  System 

The  electrical  power  system  has  AC  and  DC  power  for  the 
boat.  The  AC  system  has  two  parts:  boat's  service  and  the  house 
system.  Both  AC  systems  are  designed  for  50  AMPs  at  120VAC.  The 
house  system  supports  the  TV /VCR,  air  conditioners,  hot  water 
heater,  stereo  and  trash  compactor.  All  other  AC  power  Is  on  the 
boat  service  system.  AC  power  may  be  supplied  either  by  shore 
tie  or  from  the  boat's  diesel  generator.  The  generator  Is  rated 
for  12KW. 

The  DC  system  Is  In  four  parts:  port  and  starboard  main 
engine  starting  batteries,  generator  starting  system,  and  the 
house  supply.  The  main  engine's  starting  batteries  are  24VDC, 
and  may  be  recharged  by  the  engine  alternators,  or  from  the 
120VAC  system.  The  generator  starting  and  house  supply  systems 
both  are  12VDC  systems.  The  house  system  may  be  recharged  by  the 
engine  alternators  or  the  120VAC  system. 
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3.0  TEST  RESULTS 

3.1  T-2  Weighing  the  Boat 

Weighing  of  a  boat  is  Important  in  identifying  the 
"as-built"  weight,  since  weight  impacts  performance  and  mission 
capability.  The  R&DC  weighed  the  502001  to  establish  a  basis  for 
that  configuration  from  which  predictions  of  Impacts  of  future 
weight  changes  can  be  made.  The  weight  of  the  vessel  was 
determined  by  direct  hoisting  with  four  calibrated  load  cells. 

The  condition  of  the  vessel  at  the  time  of  the  weighing  was 
as  follows: 

-No  crew  on  board 

-Aft  and  forward  fuel  tanks  full 

-Fresh  water  tanks  full 

-Gray  and  black  water  tanks  empty 

Four  Revere  force  transducers  (42T-D3-20K-C1P1 )  were  used  to 
make  the  measurements.  The  weight  indicator  (Model  4316)  was 
calibrated  for  all  four  load  cells.  The  502001  was  weighed  at  a 
commercial  boat  yard  in  Cambridge,  Maryland,  using  their 
travelling  hoist.  Slings  were  used  and  positioned  at  the 
designated  center  sling  locations  11  feet,  2  Inches  and  30  feet 
forward  of  the  transom.  The  procedure  was  to  weigh  the  vessel 
with  all  four  transducers  in-line  with  the  slings,  and  connected 
to  the  weight  indicator.  The  forward  force  transducers  were 
removed  and  the  aft  two  transducers  were  measured  in  a  subsequent 
lift,  providing  the  means  to  determine  the  LCG.  The  total  scale 
weight  was  determined  to  be  53,677  ±  50  lbs.  If  an  additional 
four-person  crew  (4  X  165  lbs)  were  added  to  this  total  scale 
weight,  then  the  502001  would  weigh  2,337  lbs  more  than  the 
52,000  lbs  full  load  weight  reported  by  Munson.  The  LCG  was 
calculated  to  be  20  feet  forward  of  the  transom  or  2.5  feet  aft 
of  the  engine  room  bulkhead.  This  is  7.3  inches  forward  of  the 
design  LCG  specified  by  Munson  and  is  discussed  in  section  3.7. 

3.2  T-2  Inclining  Experlment/Stablllty  Calculations 

The  inclining  of  the  502001  was  conducted  at  Taylors  Island, 
Maryland.  The  TECHEVAL  Plan  [3]  and  Guidelines  for  Conducting 
Stability  Test  [9]  were  used  to  conduct  the  stability  and 
inclining  experiment.  Inclining  and  Stability  calculations  were 
accomplished  using  the  HEC  Inclining  and  Stability  Test  program 
developed  by  Herbert  Engineering  Corp.  for  the  USCG  Naval 
Engineering  Division.  The  program  format  follows  that  of 
reference  [9]. 

The  inclining  was  conducted  with  the  boat  at  a  dock  with  all 
lines  slack  and  the  water  surface  at  a  dead  calm.  Weights  for 
inclining  totaled  2805.6  lbs,  including  the  personnel  doing  the 
Inclining  experiment.  The  plot  of  the  Inclining  graph  has  a  good 
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straight  slope  as  required  by  reference  [9]  and  Is  located  In  the 
Appendix  A. 

Inclining  a  boat  establishes  the  netacentrlc  height  (GM)  and 
the  boat's  vertical  center  of  gravity.  Fron  this  the  Initial 
static  stability  of  the  boat  can  be  assessed.  Appendix  A, 
Stability  Test  Report,  NORCREW  502001,  presents  the  results  of 
the  Inclining  experiment  as  %iell  as  stability  results  of  the  boat 
for  light  ship  conditions  (boat  fully  outfitted  with  fuel  tanks 
and  water  tanks  empty,  and  no  crew  on  board),  for  rescue-ready 
full  load  (boat  fully  outfitted  with  fuel  tanks  and  potable  water 
tanks  full,  and  a  crew  of  four  on  board),  a  normal  rescue  return 
load  (boat  fully  outfitted  with  all  tanks  down  to  5%,  crew  of 
four,  and  four  survivors),  and  a  maximum  rescue  load  (teat  fully 
outfitted  with  fuel  tanks  and  water  tanks  95%  full,  crew  of  four, 
and  four  survivors  aboard),  a  brief  summary  of  the  stability 
calculations  are  shown  In  Table  3.2.1. 

TABLE  3.2.1 

SUMMARY  OF  STABILITY  CALCULATIONS  AT  VARIOUS  LOAD  CONDITIONS 


Normal  Maxlmtun 


Light  ship 

_ Condition _ 

Full 

Load 

Rescue 

Load 

Rescue 

Load 

Dl8p( lbs ) 

47200 

54100 

48850 

54450 

KMt  (ft) 

11.43 

10.62 

11.22 

10.59 

VCG  (ft) 

6.36 

5.94 

6.39 

5.99 

GMo  (ft) 

5.07 

4.68 

4.83 

4.60 

FSM  (ft- lbs) 

.00 

1232.00 

1232.00 

1232.00 

FSC  (ft) 

.00 

.02 

.02 

.02 

GMt  (ft) 

5.07 

4.66 

4.81 

4.58 

LCG  (ft)F 

19.99 

19.79 

20.12 

19.90 

LCFd(ft) 

3.30 

3.52 

3.35 

3.53 

LCB  (ft)F 

19.49 

19.35 

19.46 

19.34 

LCF  (ft)F 

18.24 

18.47 

18.29 

18.47 

KMl  (ft) 

79.16 

72.21 

77.35 

71.90 

MTl" 

(ft-Lbs/lns)  6633.30 

6920.90 

6689.66 

6927.29 

Trim  (ft)F 

.29 

.29 

.40 

.36 

List  (•  Stbd) 

.54 

.52 

.16 

.15 

Note:  1.  All  displacement  amounts  were  calculated  from  draft 
readings  using  the  HEC  Inclining  and  Stability  Test 
program. 

2.  Abbreviations  are  defined  In  Appendix  A. 
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The  GMt  as  listed  In  Table  3.2.1  under  all  loading 
conditions  exceeds  the  requirements  of  CFR  46,  Part  173,  Sub  Part 
E  [10]  for  towing.  The  502001  heeling  arm  was  calculated  by 
using  the  weight  of  the  boat  and  righting  arm  information  for  the 
boat  at  54,000  lbs.  The  heeling  am  shown  in  Figure  3.2.1 
exceeds  the  requirements  of  the  CFR  for  the  towline  tripping 
force  of  the  rated  tow  load.  Although  the  boat  is  still  able  to 
right  itself  beyond  a  47*  heel  angle,  at  this  angle  down  flooding 
at  the  engine  room  vents  begins  to  affect  the  stability  of  the 
boat.  The  boat  has  a  positive  righting  aKxnent  until  a  heel  angle 
of  approximately  75*. 

3.3  T-3  Tactical  Diameter/Tuming  Perfonnanca 

Turning  circles  are  a  good,  practical  ship  test  for 
assessing  maneuverability.  Turning  characteristics  generally 
consist  of  four  measurements  which  include  advance,  transfer, 
tactical  diameter,  and  steady  turning  diameter  or  radius.  These 
measurements  are  illustrated  in  Figure  3.3.1. 

Turning  circles  were  conducted  on  the  502001  at  10,  20,  and 
23  knots,  north  of  Little  Choptank  River  in  water  depths  greater 
than  30  feet.  Hydraulic  trim  tabs  ifere  set  to  nomal  crew 
settings  of  10*  and  8*  for  the  starboard  and  port  tabs, 
respectively.  The  turning  performance  data  were  measured  using 
the  R&OC's  Tactical  Maneuvering  (TAC3MAN)  GPS  software.  The  GPS 
tracking  system  measured  the  boat's  track  over  ground.  The 
effects  of  current  on  the  tactical  performance  measurements  were 
removed  by  accounting  for  set  and  drift  in  the  data  reduction. 
Figure  3.3.2  Illustrates  the  results  of  a  set-and>drift 
correction.  The  boat  executes  a  right  turn  and  continues  turning 
five  circles  in  its  own  wake.  The  GPS-recorded  track  over  the 
ground  appears  on  the  left  as  a  trocholdal  curve  because  of  the 
effects  of  1.2  knots  of  steady  current.  The  corrected  track  on 
the  right  appears  as  a  set  of  five  nearly  concentric  circles. 
Indicating  the  true  path  of  the  vessel  through  the  water.  The 
turning  circle  is  measured  from  the  corrected  track  and  is 
accurate  to  within  ±  15  feet  relative  to  the  recorded  track, 
except  during  GPS  fade-out.  On  a  few  occasions,  the  GPS  receiver 
lost  its  lock  with  satellites  which  caused  some  spurious  spikes 
in  the  recorded  track  lines.  This  made  the  post-processing  of 
corrections  for  set-and-drlft  more  difficult  and  may  have  reduced 
accuracy  slightly. 

The  resulta  of  the  tests  conducted  on  the  502001,  which  will 
serve  as  baseiin^^  measurements  for  any  future  NORCREW  boats  of 
this  size,  are  presented  in  the  following  tables  for  the  speeds 
measured. 
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RIGHTING  ARM  VS  HEEL  ANGLE 

SOFT  NORCREW 
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FIGURE  3.2.1  502001  Righting  AM  vs  Hsel  Angls 


TACMANU 


FIGURE  3.3.2  Smt  and  Drift  Corxactlons 
( Example ) 


TABLE  3.3.1 

TURNING  PERFORMANCE  AT  10  KNOTS 
(1100  RPM) 


Minimum 


Ruddmr  Turning  Time  to  Turn  Tactical 


Angle 

(deg) 

Radius 
( yards ) 

360  Degrees 
( seconds ) 

Diameter 

(varda) 

Advance 

i VArdA ) 

Transfer 

( VArda ) 

a 

38L 

39 

53 

85 

74 

60 

20L 

63 

78 

114 

66 

102 

lOL* 

120 

164 

292 

147 

194 

• 

lOR* 

132 

140 

194 

133 

102 

20R 

57 

73 

100 

79 

48 

33R 

38 

66 

72 

126 

44 

*Soiiie  GPS  fade-out  occurred  during  teats  which  may  account  for 
the  disparity  bet«ieen  lOL  and  lOR  maneuvers. 


TABLE  3.3.2 

TURNING  PERFORMANCE  AT  20  KNOTS 
(2300  RPM) 


Rudder 

Angle 

(deg) 

Minimum 
Turning 
Radius 
( yards ) 

Time  to  Turn 
360  Degrees 
( seconds ) 

Tactical 
Diameter 
( yards ) 

Advance 
( yards ) 

Transfer 
( yards ) 

38L 

58 

41 

112 

81 

80 

20L 

94 

65 

203 

142 

123 

lOL 

204 

115 

387 

187 

245 

lOR 

191 

117 

376 

267 

238 

20R 

88 

28 

174 

94 

110 

33R 

64 

46 

114 

118 

65 

Rudder 

Angle 

(dec) 

TABLE  3.3.3 

TURNING  PERFORMANCE  AT  23  KNOTS 
(2525  RPM) 

Minimum 

Turning  Time  to  Turn  Tactical 

Radius  360  Degrees  Diameter  Advance 

_ ( yards ) _ ( seconds ) _ ( yards ) _ ( yards ) 

Transfer 

(yards) 

38L 

67 

31 

139 

113 

99 

20L 

134 

73 

265 

212 

156 

lOL 

195 

102 

365 

255 

190 

lOR 

174 

96 

244 

242 

184 

20R 

85 

49 

130 

112 

99 

33R 

61 

38 

101 

94 

74 
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The  handling  characteristics  reported  In  the  OT502001  Manual 
provided  by  Munson  Mfg.,  Inc.  [11],  describe  a  200-foot  (67  yard) 
turning  radius  at  top  speed  with  normal  rate  at  the  helm.  The 
data  collected  by  the  R&DC  tests  agree  with  these  resu'ts.  The 
502001  turning  performance  data  demonstrates  a  tendency  for 
turning  maneuvers  to  port  requiring  more  time  and  maneuvering 
room  compared  to  turning  maneuvers  to  starboard.  Table  3.3.4 
provides  a  comparison  of  minimum  turning  radius  between  a  41 -FT 
UTB  and  the  502001  for  a  nominal  30*  rudder.  Table  3.3.4 
Includes  a  502001  turning  radius  normalized  to  a  41 -FT  UTB  boat 
length.  It  Is  expected  that  the  longer  502001  has  a  greater  turn 
radius  since  turning  performance  Is  a  function  of  boat  speed  and 
length.  Even  the  normalized  502001  turn  radius  In  Table  3.3.4  Is 
larger  at  20  and  23  knots  cxxnpared  to  the  41-FT  UTB. 

TABLE  3.3.4 

COMPARATIVE  MINIMUM  TURNING  RADIUS 
PERFORMANCE  AT  VARIOUS  SPEEDS 


Speed 
( knots ) 

41-FT  UTB 
(30*  rudder) 

502001 

(33*  rudder) 

502001 
Normalized 
to  41-FT 
Length* 

10 

35  yds 
(31  sec) 

38  yds 
(66  sec) 

31  yds 

20 

43  yds 
(31  sec) 

64  yds 
(46  sec) 

52  yds 

23 

39  yds 
(25  sec) 

61  yds 
(38  sec) 

49  yds 

*( 41-FT  UTB 

LENGTH)  X  (502001  TURN  RADIUS) 
(502001  LENGTH) 

3.4  T-4  ZlQ-Zag  Maneuver 

The  zig-zag  test  Is  a  definitive  ship  trial  for  measuring 
the  rudder’s  ability  to  control  the  boat  In  calm  water.  The  test 
was  conducted  near  CG  Station  Little  Creek  in  approximately  50 
feet  of  water.  Wind  during  the  test  was  less  than  10  knots  with 
seas  less  than  one  foot.  A  string  potentiometer  was  attached  to 
the  port  rudder  and  was  used  to  synchronize  the  execution  of 
rudder  maneuvers  with  the  boat's  heading.  Heading  was  recorded 
using  the  yaw  gyro  of  the  motions  package  Installed  near  the 
vessel's  center  of  gravity.  The  vessel's  track  was  not  recorded 
with  the  GPS  system  because  of  signal  Interference  with 


26 


structures  fron  the  nearby  Norfolk  Naval  Base.  The  test  was  to 
have  been  perfomed  at  10,  20,  and  eaxleuB  speed  per  t)M  TECHEVAL 
Test  Plan  [3] . 

Figure  3.4.1  presents  the  results  of  a  10-knot  zig-zag 
maneuver  on  the  502001 .  The  average  overshoot  angle  was 
determined  to  be  8*.  This  is  less  than  the  10*  o^wrshoot 
demonstrated  by  the  41-FT  UTB  results  in  Figure  3.4.2.  Figures 
3.4.1  and  3.4.2  also  demonstrate  that  the  502001  has  about  the 
same  time  to  the  second  execute  or  rudder  over.  This  parameter 
is  a  measure  of  the  ability  of  the  boat  to  rapidly  change  course. 
The  time  to  the  second  execute  will  decrease  with  Increased 
rudder  effectiveness  and  with  decreased  directional  stability. 
Generally,  it  appears  the  502001  and  the  41-FT  UTB  10-knot  zig¬ 
zag  maneuvering  characteristics  are  similar. 

The  collection  of  20-knot  data  was  attempted,  but  was  not 
successful.  This  was  due  to  the  Inability  of  the  ship's  compass 
to  respond  rapidly  to  high  rates  of  turn.  It  appears  that  the 
ship's  magnetic  compass  was  heavily  damped.  The  apparent  lag  in 
compass  response  prevented  the  coxswain  from  making  a  good 
judgment  as  to  when  a  20*  course  change  actually  occunred.  The 
20-knot  trials  %fere  aborted  because  a  complete  zig-zag  was  not 
measurable  under  the  circumstances.  A  15-knot  trial  was 
attempted,  shoim  in  Figures  3.4.3  and  3.4.4,  but  as  noted  during 
the  test,  these  were  also  suspect  because  of  conpass  effects.  In 
Figure  3.4.4,  it  appears  that  the  coxswain,  realizing  a  lag  in 
the  compass's  response,  tried  to  over-compensate  for  this  effect 
which  resulted  in  15*  zig-zags  instead  of  20*.  Therefore,  the 
only  reliable  zig-zag  maneuver  data  collected  were  at  10  knots. 

3.5  T-5  Spiral 

The  Dieudonne  spiral  test  measures  the  directional 
stability,  turn  rate  and  course-keeping  ability  of  a  boat  in  calm 
water.  This  test  was  conducted  off  Chesapeake  Beach,  Maryland, 
in  approximately  30  feet  of  water.  Seas  were  less  than  1.5  feet 
and  winds  were  under  five  knots.  The  test  was  conducted  at  two 
speeds;  ten  knots  (1100  RPM)  and  22.4  knots  (2550  RPN). 

Starting  from  15*  right  rudder,  and  decreasing  rudder  angle 
by  Increments  specified  in  reference  [3],  the  yaw  rate  was 
recorded  using  a  Humphreys  motion  package  yaw  rate  gyro  and  then 
averaged  over  a  1 -minute  period  of  steady  turning  for  each  rudder 
angle. 

The  directional  stability  of  a  vessel  is  Important  to  those 
who  navigate  and  operate  the  boat.  If  a  boat  is  directionally 
unstable,  it  may  turn  at  two  different  rates  for  a  given  rudder 
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502001  ZIG  ZAG  MANEUVER 

1 0  KNOTS 


1 
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FIGURE  3.4.1  502001  Zlg>Zag  Manauvar  at  10  Knota 


B  ZIG  ZAG  MANEUVER  10  KNOTS 


saajOaQ  —  sa|6uv  Jsppny  pua  mba 
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UTB  Zig-Zag  Maneuver  at  10  Knots 


502001  ZIG  ZAG  MANEUVER 

1  5  KNOTS  (UPWIND) 
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FIGURE  3.4.3  502001  Attei^>ted  Zig-Zag  Maneuver  at  15  Knots 

( Upwind ) 


502001  ZIG  ZAG  MANEUVER 

1  5  KNOTS  (DOWNWIND) 
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FIGURE  3.4.4  502001  AttenptCKi  Zig-Zag  Maneuver  at  15  Knots 

( Downwind ) 


angle,  depending  upon  the  Initial  conditions.  Steady  course¬ 
keeping  may  be  difficult  to  maintain.  With  greater  directional 
instability,  a  boat  may  turn  without  input  from  the  helm  or  turn 
against  the  rudder.  With  too  much  directional  stability,  a  boat 
may  have  reduced  maneuverability,  always  trying  to  maintain  a 
straight  course. 

Figures  3.5.1  and  3.5.2  show  the  502001  has  a  very  small 
slope  of  yaw  rate  vs  rudder  angle  curve,  indicating  lower  turn 
rates  than  the  41 -FT  UTB,  Figures  3.5.3  and  3.5.4.  Lower  turn 
rates  for  the  502001  indicate  less  maneuverability  i.e.  larger 
turning  radii  as  already  presented  in  section  3.3.  Both  boats 
have  good  directional  stability  and  are  easy  to  keep  on  course, 
as  shown  by  the  lack  of  hysteresis  in  Figures  3.5.1  through 
3.5.4. 


3.6  T-6  Acceleration  and  Crash  Stop 

Acceleration  and  deceleration  maneuvers  were  conducted  to 
evaluate  the  boat's  ability  to  start  and  stop  in  emergency 
situations.  These  tests  were  conducted  using  the  TACMAN  GPS 
tracking  software  to  obtain  velocity  as  a  function  of  time. 
Figure  3.6.1  presents  the  results  of  the  acceleration  runs  for 
two  hydraulic  trim  tab  settings.  Trim  tabs  tested  were  set  at 
0/0  degrees  and  a  normal  crew  setting  of  10/8  degrees  for  the 
starboard  and  port  tabs,  respectively.  The  boat  starts  out 
slowly  by  plowing  through  the  water  in  the  first  ten  seconds  and 
then  accelerates  rapidly  to  speed  in  approximately  20  seconds. 
Figure  3.6.2  compares  the  acceleration  of  the  41 -FT  UTB  with  the 
502001.  It  is  apparent  that  the  502001  accelerates  much  faster 
than  the  41 -FT  UTB  to  about  the  same  maximum  speed.  Please  note 
that  the  data  for  the  41 -FT  UTB  were  obtained  from  reference 
[12]. 


The  acceleration  data  were  taken  on  Station  New  London's  41- 
FT  UTB  which  was  not  tuned  and  therefore  did  not  make  its  top 
speed.  A  well-maintained  41-FT  UTB  is  likely  to  have  better 
acceleration  and  top  speed. 

Unfortunately,  a  true  crash  stop  Initiated  by  a  full  reverse 
of  the  boat  was  not  acquired.  This  was  due  to  the  limited  GPS 
data  that  could  be  acquired  in  the  test  area.  Interference  from 
the  Norfolk  Naval  Base  caused  an  erratic  behavior  of  the  GPS  and 
often  a  complete  disconnect  with  satellite  coverage.  However, 
prior  to  losing  GPS,  deceleration  data  were  acquired  in  the  form 
of  coasting  to  dead  in  the  water  (DIW)  or  by  backing  down  on 
the  throttles,  see  Figure  3.6.3.  Deceleration  to  near  DIW  by 
backing  down  on  the  throttles  takes  about  15  seconds.  The  Munson 
handbook  indicates  complete  crash  stop  by  backing  on  throttles 
should  take  Ih  boat  lengths.  This  test  was  conducted  prior  to 
delivery  of  502001  to  the  Coast  Guard,  under  different  loading 
conditions.  This  compares  with  two  boat  lengths  (80')  or  three 
to  four  seconds  to  crash  stop  for  the  41-FT  UTB  (OpManual)  [7]. 
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SOFT  NORCREW,  SPIRAL  TEST 

1 0  KNOTS.  1  4  NOV  92 


(D9S/6aa)  MDA 
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(LEFT)Rudder  Angle(RIGHT) 


o 
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FIGURE  3.5.2  502001  Spiral  Test  22.4  Knots 
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ACCELERATION 

502001  ,  NOV  1992 


(SiON>l)a33dS 


37 


FIGURE  3.6.1  502001  Aoo«l«ration  Tast  Raaulta 


ACCELERATION 

COMPARISON  CHART  FOR  502001  AND  41  FT  UTB 
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FIGURE  3.6.2  502001  and  41-FT  UTB  Aooalaration  Coavarlson 


DECELERATION 

502001  , NOV  1 992 
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FIGURE  3.6.3  502001  Deoeleratlon  Test  Results 
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Due  to  weather  and  sea  conditions,  speed  vs  power  testing 
was  conducted  off  Taylors  Island,  Maryland,  and  off  Norfolk  Naval 
Base  In  Virginia.  All  testing  was  done  with  seas  under  1.5  feet, 
winds  less  than  15  knots,  and  water  depths  greater  than  30  feet. 
To  minimize  all  environmental  effects,  reciprocal  runs  were  done 
with  all  results  averaged,  and  runs  were  done  In  a  randomized 
sequence.  Selected  runs  were  repeated  to  check  for  repeatability 
of  the  results. 

Off  Chesapeake  Beach,  Maryland,  speed  vs  povfer  measurements 
were  made  using  the  Differential  GPS  tracking  system  with  the 
TACMAN  II  software.  This  system  uses  a  repeating  ground  system 
set  up  by  the  R&DC  Team  at  Taylors  Island  to  Increase  the 
system's  accuracy.  Speeds  are  estimated  accurate  to  ±  0.25  knots 
with  this  system. 

The  test  range  shown  In  Figure  3.7.1  was  used  to  conduct 
speed  vs  power  runs  off  of  Norfolk  Naval  Base.  The  course  was 
between  two  piers  near  the  Norfolk  Naval  Base  at  Tanner  Point  and 
the  range  distance  was  one  mile.  Due  to  electromagnetic 
Interference  on  this  range,  no  GPS  could  be  used,  so  all 
measurements  were  taken  by  observing  the  elapsed  time  to  transit 
the  known  range  distance.  Estimated  accuracy  of  these  speed 
measurements  Is  approximately  ±  0.5  knots. 

Power  was  measured  using  an  Accurex  model  1642A  horsepower 
meter  on  each  propeller  shaft.  This  Instrument  measures  shaft 
torsional  strain  with  a  strain  gage  and  transmits  the  reading 
from  the  rotating  shaft  via  an  FM  antenna.  The  torsional  strain 
measurement  Is  converted  to  a  torque  measurement,  based  on  the 
shaft  manufacturer's  statement  of  the  shaft's  modulus  of 
rigidity.  A  shaft  torque  calibration  was  not  conducted,  and  this 
reflects  on  the  overall  accuracy  of  the  horsepower  measurements. 
The  horsepower  meter  system  includes  a  tachometer  accurate  to 
within  0.25%  of  actual  RPM.  The  shaft  RPM  and  torque 
measurements  are  automatically  multiplied  by  the  horsepower  meter 
to  obtain  shaft  horsepower.  The  system  Is  considered  to  have  a 
5%  maximum  error;  this  Includes  the  Instrument  errors  and  the 
uncertainty  In  the  actual  shaft  modulus  value,  since  the  shaft 
was  not  calibrated.  The  output  was  recorded  continuously  on  a 
TEAC  model  RD-200T  Digital  Audio  Tape  (DAT)  format  recorder.  The 
recorded  signals  were  filtered  and  averaged  to  obtain  shaft 
horsepower  for  the  run.  Horsepower  for  a  given  speed  Is  the 
average  of  the  horsepower  for  two  directions  on  the  test  course 
at  the  same  engine  RPM.  Power  measurements  from  the  two  shafts 
were  summed  to  provide  total  horsepower. 

The  engines  on  the  502001  are  rated  to  produce  735  horsepower 
per  shaft  at  2300  RPM  which  Is  consistent  with  the  TECHEVAL 
results.  This  Is  far  more  than  the  320  horsepower  per  shaft 
that  the  41 -FT  UTB  has.  The  Increased  displacement  of  the  502001 
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requires  the  increase  in  shaft  horsepower  to  propel  it  at  speeds 
comparable  to  the  41-FT  UTB.  With  its  hard  chine  planing  hull, 
it  reaches  a  maximum  speed  of  24  knots  in  calm  water  sea 
conditions.  During  testing,  the  maximum  speed  obtained  was  22.4 
knots.  This  is  comparable  to  the  41-FT  UTB  cruising  speed,  but 
less  than  the  maximum  speed  of  26  knots  for  the  41-FT  UTB. 

During  the  Speed  vs  Power  testing,  runs  were  made  with  the 
boat's  trim  tabs  set  at  0*,  5*,  10*  and  at  15*.  This  was  done  in 
an  effort  to  determine  the  optimum  trim  tab  settings  for  the 
boat. 


Figure  3.7.2  compares  the  speed  of  the  boat  as  a  function  of 
shaft  horsepower  at  these  trim  tab  settings.  During  calm  water, 
trim  tab  settings  of  5/5  maximize  the  speed  vs  horsepower  output 
for  this  boat  hull.  At  trim  tab  settings  above  10/10,  the  top 
speed  of  the  502001  is  reduced  as  the  bow  of  the  boat  digs  in. 
At  a  trim  tab  setting  of  15/15;  this  reduction  is 

The  boat  test  performance  parameters:  speed, 
weight,  are  combined  into  transport  efficiency, 
number,  to  compare  relative  boat  performance 

<”lb>  <''kt> 

=  <'’dl  SHp)  <326)  and  -  (g  x 

where  is  the  weight  of  the  boat  in  pounds 

is  the  speed  of  the  boat  in  knots 
V*'‘  is  the  speed  of  the  boat  in  ft/sec 
Pj,T  eup  is  the  total  shaft  power  for  propulsion 
Oil  bHi'  horsepower 

V  is  the  displacement  in  cubic  feet 
g  is  the  gravitational  constant 

Figure  3.7.3  compares  the  transport  efficiency  of  the  502001 
versus  the  41-FT  UTB.  The  502001  and  the  41-FT  UTB  are 
comparable  in  efficiency  for  most  Froude  numbers.  The  41-FT  UTB 
is  closer  to  the  best  performance  curve  [16]  at  maximum  speed. 
Both  boats  are  operating  as  semi-planing  hulls. 

Testing  at  various  load  conditions  specified  in  [3]  was  not 
conducted.  It  is  anticipated  that  any  additional  weight  growth 
of  the  502001  would  further  reduce  the  speed  and  fuel  efficiency 
of  the  boat.  Theoretical  weight  growth  is  presented  in  the 
Inclining  and  Stability  Report  of  Appendix  A  and  is  summarized  in 
Table  3.2.1.  Weight  growth  forward  of  the  center  of  flotation  of 
the  boat  decreases  the  ability  of  the  boat  to  plane.  At  the 
boat's  present  weight,  trim  tab  settings  above  5/5  are  required 
to  get  the  boat  up  on  a  plane.  At  settings  above  10/10  the  boat 
assumes  a  bow-down  trim.  This  is  presented  in  detail  in  section 
3.7A.  A  review  of  the  boat's  hull  profile  and  shafting 
arrangement  design  shows  that  it  is  within  the  accepted  design 
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POWER  VS  SPEED  VS  TRIM  TAB  SETTINGS 
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FIGURE  3.7.2  Power  vs  Speed  vs  Trim  Tab  Settings 


TRANSPORT  EFFICIENCY 
502001  VERSUS  41  -FT  UTB 
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criteria  as  presented  by  reference  [13]  for  a  planing  hull 
design,  but  calculations  of  the  Froude  Nuaber,  reference  [16], 
show  a  semi-planing  hull  as  seen  in  Figure  3.7.3.  The  inability 
of  this  boat  to  plan«(>  with  its  trim  tabs  set  at  0/0  is  a  direct 
result  of  excessive  weight. 

3.7A  Trim  vs  Speed 

Trim  angle  versus  speed  data  were  obtained  concurrently  with 
the  speed  versus  horsepower  measurement.  All  testing  was  done 
with  seas  under  1.5  feet,  winds  less  than  15  knots,  and  water 
depths  greater  than  30  feet.  To  minimize  all  environmental 
effects,  reciprocal  runs  were  done  with  all  results  averaged,  and 
runs  were  done  in  a  randomized  sequence.  Selected  runs  were 
repeated  to  check  for  repeatability  of  the  results. 

Trim  angle  was  measured  using  a  Schaevltz  digital 
inclinometer  on  the  structurally  mounted  cabinet  behind  the 
coxswain's  chair.  This  inclinometer  was  accurate  to  within 
±  0.1*  and  has  a  response  time  constant  less  than  one  second. 
The  instrument  was  read  continuously  by  one  of  the  test  personnel 
during  the  test;  the  reported  trim  angle  is  the  average  angle 
observed  during  the  test  run. 

Trim  tab  settings  of  0/0,  5/5,  10/10  and  15/15  were  used  for 
testing  the  effect  of  various  trim  tab  settings  on  the  boat's 
trim  angle.  Above  a  10/10  trim  setting,  the  boat  begins  to 
acquire  a  bow-down  trim  and  the  resulting  bow  spray  reduces 
visibility  for  the  coxswain  beyond  the  benefit  of  the  decreased 
trim  angle.  The  41-FT  UTB,  without  trim  tabs,  planes  well  with  a 
slight  bow-up  trim.  Figure  3.7A.1  shows  the  effects  of  trim  tab 
settings  on  the  trim  angle  vs  speed  of  the  boat. 

3.8  T-8  Fuel  Consumption.  Range  and  Endurance 

Testing  to  verify  the  502001  boat's  fuel  consumption,  range 
and  endurance  was  conducted  as  time  permitted.  Due  to  engine 
problems  with  the  boat  during  the  test  week,  fuel  range  testing 
was  limited  to  three  major  timed  and  one  short  run  during 
transits  to  and  from  the  test  ranges  and  transit  from  Taylors 
Island  to  Little  Creek,  Virginia.  Testing  therefore  was  not  done 
during  ideal  conditions,  but  reflect  conditions  which  are 
commonly  found  on  Chesapeake  Bay. 

Fuel  range  testing  was  done  in  quartering  seas,  with  seas 
increasing  from  one  to  three  feet  in  height.  Northeast  winds  of 
8  to  15  knots  were  encountered  off  the  starboard  quarter,  with 
the  boat  loaded  for  testing  and  transit.  Fuel  measurements  were 
taken  using  the  ship's  sounding  rod  and  fuel  tables.  Soundings 
were  done  at  the  beginning  and  end  of  the  mins  with  the  boat 
maintaining  its  position  in  head  seas  or  alongside  the  pier.  Due 
to  the  motion  of  the  boat,  accuracy  was  ±  20  gallons.  Fuel 
consumption  amounts  recorded  during  extended  transit  times  best 
represent  this  boat's  fuel  consumption,  range  and  endurance. 
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TRIM  ANGLE  VS  SPEED 
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FIGURE  3.7A.1  502001  Trla  Angle  ve  Speed  at  Various  Trie 

Settings 


Using  the  fuel  consumption  data  acquired  and  the  available 
fuel  figure  of  644  gallons  provided  by  Hunson,  the  Baximua  range 
as  a  function  of  speed  was  calculated  for  the  502001 .  Figure 
3.8.1  shows  the  fuel  consumption  of  the  502001  compared  to  the 
41-FT  UTB.  The  502001  uses  about  1.5  times  as  much  fuel  as 
the  41 -FT  UTB  at  cruising  speed.  The  41-FT  UTB  data  was  from 
reference  [8] .  The  average  hours  of  operation  of  a  41-FT  UTB 
is  650  hours  [8].  This  figure  indicates  that  fuel  cost  for  the 
502001  will  not  be  prohibitive  to  the  Norwegian  Crew  Concept  when 
the  economic  review  is  done. 

The  502001  has  a  range  of  approximately  163  nm  at  its 
maximum  speed  of  22.75  knots  and  a  range  of  220  nm  at  a  cruising 
speed  of  21.3  knots.  This  range  calculation  assumes  644  gallons 
of  usable  fuel  and  an  Initial  displacement  of  54400  lbs.  No  low- 
speed  fuel  consumption  runs  were  conducted  during  the  test  week. 
At  cruising  speeds,  the  502001  requires  more  than  1.5  times  the 
fuel  of  the  41-FT  UTB,  while  at  maximum  speed  the  50-foot  boat 
requires  more  than  2.7  times  more  fuel  than  the  41-FT  UTB. 

Even  with  its  greater  fuel  capacity,  the  502001  does  not 
have  an  increased  range  over  the  41-FT  UTB  as  seen  in  Figure 
3.8.2.  Further  testing  is  needed  to  verify  speed  versus  fuel 
consumption  of  502001  if  there  are  any  plans  to  build  more  of 
these  boats  for  Coast  Guard  use. 

3.9  T-9  Time  to  Get  Underway 

This  test  measures  the  time  to  get  underway  in  routine 
situations.  This  data  will  assist  in  developing  operating 
procedures  and  assessing  the  boat's  capability  for  quick  response 
missions.  During  the  course  of  the  technical  evaluation,  the 
time  required  to  get  underway  for  three  sorties  was  timed  without 
the  crew's  knowledge.  This  data  was  averaged  to  determine  the 
average  time  for  each  major  step  in  getting  underway  for  routine 
operations;  Table  3.9.1  summarizes  the  test  results.  As  seen  in 
the  results,  even  for  routine  missions,  without  the  crew's 
knowledge  of  data  taking,  it  takes  less  than  ten  minutes  to  get 
the  502001  underway.  No  problems  with  quick-response 
requirements  for  this  vessel  are  anticipated.  With  the  Norwegian 
Crew  concept,  the  time  required  for  the  boat  crew  to  go  from  the 
shore  station  to  the  boat  is  eliminated.  Even  with  the  slightly 
more  complex  mechanical  plant,  the  502001  can  certainly  get 
underway  for  an  emergency  response  in  less  than  ten  minutes  of 
notification,  assuming  that  all  crew  members  are  on  board  at  the 
time  of  the  call.  There  is  no  documented  minimum  standard  on  how 
fast  the  41-FT  UTB  needs  to  get  underway.  Therefore,  a 
quantitative  comparison  between  the  502001  and  41-FT  UTB  is  not 
possible.  Normally,  a  41-FT  UTB  is  expected  to  get  underway  in 
less  than  30  minutes .  This  would  include  suiting  up  and 
collecting  the  necessary  equipment  from  the  station  and 
transportation  to  the  boat.  This  is  likely  to  vary  from  station 
to  station. 
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FUEL  CONSUMPTION  VS  SPEED 

COMPARISON  CHART 
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FIGURE  3.8.1  502001  and  41-'FT  UTB  Fuel  Consumption  vs  Speed 

Comparison 


RANGE  vs  SPEED 

COMPARISON  CHART 
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FIGURE  3.6.2  502001  and  41-FT  UTB  Range  vs  Speed  Coaparlson 


TABLE  3.9.1 

TIME  TO  GET  UNDERWAY  (ROUTINE 

MISSIONS) 

Event 

Elapsed  Time 

NOTIFICATION 

0:00 

GENERATOR  ON-LINE 

3:00 

SHORE  TIES  DISCONNECTED 

5:00 

MAIN  ENGINES  ON-LINE 

7:40 

UNDERWAY 

9:40 

SECURED  FOR  SEA 

12:40 

(From  data  collected  during  Non-Emergency  Response.  Anticipate 
Emergency  response  time  to  be  less.  Average  of  3  responses. ) 

3.10  T-10  Onboard  Noise  Survey 

A  noise  survey  was  performed  on  the  502001  NORCREW  concept 
boat  and  the  41350  Utility  Boat.  The  noise  survey  was  performed 
to  determine  the  levels  of  airborne  noise  present  at  key 
locations  on  board  at  cruising  and  maximum  speeds.  Detailed 
results  of  the  noise  survey,  which  Include  octave  band 
nd  "A”  weighted  sound  measurements,  are  presented  In  Appendix  B. 
Table  3.10.1  stjmmarlzes  the  averaged  "A”  weighted  noise  levels  of 
the  502001  and  41350. 


TABLE  3.10.1 


502001 

AND  41350 
(dB 

"A"  WEIGHTED 
re  20  |iPa) 

NOISE  LEVELS 

Crew '  s 
Berthing 

Coxswain 

Station 

Engine 

Room 

Gallev 

Tow 

Bltt 

502001  22  KTS 

MAX  SPEED 

76 

78 

115 

78 

(1) 

41350  25  KTS 

MAX  SPEED 

85 

85 

113 

(2) 

95 

502001  19.5  KTS 
CRUISING  SPEED 

77 

78 

116 

76 

91 

41350  12  KTS 
CRUISING  SPEED 

81 

81 

111 

(2) 

67 

(1)  Noise  data  not  acquired  with  sound  level  meter  at  this  speed 
because  of  sea  spray  on  the  deck  space. 

(2)  A  galley  test  location  Is  not  applicable  to  the  41-FT  UTB. 

The  502001  Is  quieter  at  the  coxswain's  station  and  the 
crew's  quarters  than  the  41350.  However,  englneroom  noise  levels 
are  slightly  higher  than  the  41350.  This  was  expected  because  of 
the  502001 's  larger  engine.  Noise  levels  outside  the  main  cabin 
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near  the  tow  bltt  of  the  502001  are  higher  than  the  41350  at 
cruising  speed.  Based  on  these  recorded  noise  levels.  It  Is 
recommended  that  the  crew  wear  hearing  protection  when  standing 
outside  the  main  cabin  at  cruising  and  maximum  speeds.  The 
better  noise  levels  In  the  502001  living  spaces  can  be  attributed 
to  the  sound  Insulation  material  on  the  sides  and  overhead  In  all 
living  spaces  and  the  sound-absorbing  carpeting.  The  41 -FT  UTB 
does  not  have  any  sound  Insulation  material. 


The  Contracting  Officer  Technical  Representative's  (COTR's) 
final  report  In  reference  [14]  on  the  502001  contract  Indicates 
that  sound  levels  In  the  living  spaces  were  never  specified  In 
the  procurement  documents  for  the  boat.  The  contractor  did  agree 
to  build  a  design  to  achieve  82  dBA  at  the  coxswain's  station. 
This  appears  to  have  been  met.  The  COTR  did  recommend  that  sound 
level  specifications  be  part  of  the  requlren^nts  and  verification 
testing  of  any  future  procurements  of  llve-aboard  boats. 

3.11  T-11  Seakeeolnq  Performance 

These  tests  were  performed  to  evaluate  the  operational 
performance  of  the  502001  In  rough  seas.  A  motion  package  was 
Installed  near  the  boat's  center  of  gravity  to  record  Its  pitch, 
roll,  heave,  surge,  yaw,  and  sway.  The  motion  package  provides 
an  "earth- fixed"  coordinate  system  for  motions  measurement 
through  the  use  of  gyro- stabilized  sensors.  The  motions  package 
outputs  were  recorded  on  digital  tape  recorders  for  post¬ 
processing  ashore.  Slde-by-slde  seakeeping  testing  was  performed 
with  the  502001  and  the  41500  UTB  to  enable  a  direct  comparison 
of  performance.  Direct  comparisons  can  only  be  accomplished  from 
slde-by-slde  testing  of  vessels,  due  to  the  fact  that  no  sea 
condition  Is  Identical  In  nature.  Therefore,  data  taken  from 
other  testing  cannot  be  used  for  direct  comparisons,  although 
with  a  large  body  of  data,  tendencies  may  be  Identified. 

For  this  testing,  the  41 -FT  UTB  was  Instrumented  with  a 
motion  package  near  the  boat's  center  of  gravity  In  the  forward 
compartment  against  the  engine  room  bulkhead.  Accelerometers 
were  Installed  at  the  motion  package  location  and  on  the 
coxswain's  chair  post.  Recorded  were  pitch,  roll,  heave,  and 
accelerations.  Seas  were  recorded  with  the  R&DC's  Datawell  wave 
buoy.  Immediately  after  the  slde-by-slde  testing  was  completed. 
The  502001  and  41500  slde-by-slde  seakeeping  performance  data  are 
presented  In  Appendix  C. 


The  significant  wave  height  recorded  (peak  to  trough)  was 
4.1  feet.  The  wave  buoy  results  are  presented  In  Table  3.11.1. 

TABLE  3.11.1 


502001  WAVE  BUOY  DATA  (SINGLE  AMPLITUDE) 


AVG  1/10  HIGHEST  AMPLITUDE 
AVG  1/3  HIGHEST  AMPLITUDE 
ROOT  MEAN  SQUARE 
HIGHEST  PEAK 


2.61  FT 
2.09  FT 
1.47  FT 
3.41  FT 
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A  beam  sea  encounter  spectrum  was  derived  from  the  wave  buoy 
data  using  a  spectrum  analyzer  to  calculate  the  power  spectral 
density  (PSD)  function.  This  is  presented  in  Appendix  Figure  C-1 
as  wave  energy  density  as  a  function  of  the  wave  encounter 
frequency.  The  buoy  data  is  treated  as  a  beam  seas  encounter 
spectrum  because  a  vessel  traveling  in  beam  seas  would  encounter 
the  same  number  of  waves  under  ideal  long  crested  wave 
conditions . 

The  side-by-side  sea)ceeping  tests  were  conducted  at  two 
different  speeds  in  five  different  directions:  head  seas,  bow 
seas,  beam  seas,  quartering  seas,  and  stern  seas.  Each  leg  of 
the  test  was  run  for  approximately  ten  minutes  and  motions  were 
recorded  on  tape.  Appendix  Figures  C-2  through  C-13  demonstrate 
polar  diagrams  of  the  motion  response  of  both  the  502001  and  the 
41500.  These  plots  demonstrate  the  magnitude  of  the  average  of 
the  1/3  highest  (H  1/3)  amplitude  motions  as  a  function  of 
heading.  The  H  1/3  motions  are  determined  by  counting  the  peaks 
(amplitude,  not  peak -to- trough  value)  appearing  in  a  time  series 
of  motion  data,  determining  the  peak  amplitude  exceeding  1/3  of 
the  motions,  and  taking  the  average  of  the  amplitudes  of  the 
highest  1/3.  These  results  demonstrate  the  degree  of  sensitivity 
of  the  boat  to  seas  encountered  in  different  directions.  The 
502001  exhibits  less  pitch  response  in  head  seas,  about  four 
degrees,  at  slow  speeds  and  about  0.2  g's  less  heave  acceleration 
for  head,  bow,  beam,  and  quartering  seas  at  both  speeds  tested. 

Response  Amplitude  Operators  (RAOs)  were  developed  from  the 
data  collected  during  the  TECHEVAL.  RAOs  are  simply  the  ratio  of 
the  boat's  resulting  motion  normalized  to  the  encountered  wave 
amplitude.  They  are  useful  transforms  for  estimating  the  boat's 
response  to  various  sea  conditions  provided  the  assumption  is 
valid  that  the  responses  are  linearly  related  to  the  wave 
excitation.  The  most  conservative  response  spectra  were 
calculated  for  roll,  pitch,  and  heave  by  using  a  spectrum 
analyzer  to  calculate  power  spectral  density  functions.  The 
resulting  response  spectrums  for  both  the  502001  and  the  41500 
are  presented  in  Appendix  Figures  C-14  through  C-19.  Before  the 
response  spectra  could  be  normalized  into  RAOs,  the  wave  spectrum 
was  transformed  into  a  spectrum  where  frequency  of  encounter  is 
considered.  Instead  of  the  absolute  wave  frequency.  The  area 
under  the  modified  spectrum  remains  the  same  since  the  total 
energy  remains  constant. 

The  head  sea  encounter  spectra  were  calculated  by  using 
methods  in  Bhattacharyya  [15].  The  frequency  of  encounter  and 
change  in  amplitude  are  obtained  using  the  following  formulation: 
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(3.11.1) 


We  -  Ww  -  Ww^V  cos  ^ 

9 

S(We)  -  S(Ww)  /  [l-(2WwV/g)  cos  |i)^  (3.11.2) 

where  'We'  and  "Ww"  are  the  encounter  and  wave  frequencies, 

'V  Is  the  speed  of  the  boat, 

'g'  is  the  gravitational  constant, 

'  |i'  is  direction  and,  in  the  case  of  head  seas,  equals 
180* 

and  'S(  )'  is  the  PSD  amplitude 

The  results  are  presented  in  Appendix  Figures  C-20  and  C-21. 
The  RAOs  presented  in  Appendix  Flgiires  C-22  through  C-27  were 
calculated  by  dividing  the  roll  response  spectrum  by  the  beam  sea 
wave  encounter  spectrum,  and  the  pltch-and-heave  response 
spectzum  by  the  head  sea  encounter  spectrum.  These  results 
demonstrate  that  the  502001  has  better  seakeeping  abilities  over 
the  41500  in  roll,  pitch,  and  heave. 

Acceleration  data  %fere  collected  in  the  side-by-side  502001 
and  41500  seakeeping  tests.  Vertical  acceleration  data  tiere 
collected  at  the  centers  of  gravity  (C6s)  and  underneath  the 
coxswain's  chairs.  Vertical  acceleration  data  were  also 
collected  near  the  crew's  quarters  on  the  longitudinal  center 
line  of  the  deck.  These  data  were  collected  during  the  10-minute 
runs  in  different  sea  encounters.  A  one- tenth  highest, 

significant  height,  root  mean  square  (RMS),  mean,  and  a  high  were 
recorded  for  each  run.  Appendix  Figures  C-28  and  C-29  present  a 
relative  comparison  of  RMS  acceleration  levels  between  the  502001 
and  41500.  The  data  presented  were  collected  at  the  coxswain's 
chair  and  the  center  of  gravity.  Frcmi  these  two  plots  it  is 
apparent  that  the  acceleration  levels  experienced  at  the  boat's 
CG  and  coxswain's  chair  are  higher  on  the  41500  than  the  502001. 
This  is  valid  for  the  different  sea  encounters  except  for 
following  seas,  where  the  levels  between  the  two  boats  are 
ccxnparable . 

An  in-depth  crew  fatigue  vibration  treatment,  in  terms  of 
comparisons  with  ISO  Standards  2631/1  and  2631/3,  was  not 
performed.  ISO  Standard  2631/1  provides  limits  of  exposure  for 
vibrations  transmitted  to  the  human  body  in  the  frequency  range 
of  1  to  80  Hz.  ISO  Standard  2631/3  treats  the  special  case  of 
vibrations  below  1  Hz  where  motion  sickness  is  likely  to  occur. 
There  are  several  factors  involved  in  determining  human  response 
to  vibration  levels.  They  are  the  vibration  intensity, 
frequency,  direction,  and  duration.  Further  study  and  analysis 
are  recommended  if  the  NORCREW  concept  is  going  to  be  considered 
for  implementation  with  this  hull  design.  A  NORCREW  vessel  may 
be  required  to  travel  longer  distances  than  the  41-FT  UTB,  but 
perhaps  not  as  long  as  a  WPB  Coastal  Patrol  Boat.  Therefore, 
fatigue  limit  requirements  to  be  met  by  a  NORCREW  boat  may  be 
some  conprcxnlse  and  depend  to  some  degree  on  crew  rotation 
schedules  on  the  boat.  A  human  vibration  meter,  a  rubber  disk 
that  contains  a  trlaxlal  accelerometer  and  measures  a  human's 
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response  to  acceleration,  should  be  used  to  quantify  a  range  of 
acceptable  vibration  exposure  times  while  underway. 

3.12  T-12  Sneed  vs  Sea  Height 

The  maximum  speed  attainable  In  head  seas  was  observed  for 
the  502001  In  several  sea  conditions.  It  was  noted  In  seas  of 
approximately  3- foot  significant  wave  height  that  the  502001 
could,  at  full  throttles,  maintain  2500  RPM  at  a  speed  observed 
at  nearly  23  knots.  The  upper  limit  of  speed  for  the  41-FT  UTB 
In  3-foot  significant  waves  Is  about  21  knots.  Figure  3.12.1 
shows  a  plot  of  speed  versus  sea  state  for  the  502001  and  a  41- 
FT  UTB, assembled  from  various  tests.  When  the  wave  height 
exceeds  three  feet,  the  502001  Is  able  to  make  better  speed  than 
the  41-FT  UTB.  During  the  slde-by-slde  seakeeping  betii#een  the 
502001  and  the  41500,  the  41500  had  to  slow  to  around  14  knots  in 
the  6-  to  8- foot  head  sea  s%iells.  The  502001  rode  out  these  same 
swells  at  17  knots  with  relative  ease,  l.e.,  little  slamming. 
The  502001  coxswain  tried  Increasing  the  sp^sd  to  20  knots  in 
these  swells.  Although  the  coxswain  felt  that  20  knots  could 
have  been  held  with  some  difficulty.  It  was  his  discretion  to 
maintain  the  safer  and  more  comfortable  speed  of  17  knots  for  the 
test. 
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Speed  vs.  Sea  Height  Comparison 
502001  and  41*  UTB 
(Composite  Data  From  Various  Tests) 
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Significant  Wave  Height  (ft) 


4.0  502001  DESIGN  ADVANTAGES  AND  DISADVANTAGES 


4.1  Mechanical  and  Design  Disadvantages  Noted  During  TECHEVAL 

During  the  technical  evaluation,  a  survey  of  mechanical  and 
design  Issues  was  completed.  This  survey  was  supplemented  by 
discussions  with  the  boat's  crew  and  the  Group  Assistant 
Engineering  Officer.  Some  of  the  problems  noted  are  serious 
safety  problems,  and  should  be  corrected.  (The  NORCREW  Project 
Evaluation  Board  discussed  many  of  these  Items  during  the  board's 
meeting  In  March  1993.)  Other  problems  may  affect  the  crew's 
operational  performance.  These  areas  should  be  considered 
further  In  any  future  NORCREW  boat  designs. 

Main  Cabin  Hatches :  On  the  deck  of  the  Main  Cabin  are  two 
hatches.  One  hatch  enters  the  engine  room,  the  other  goes  to  the 
Storage  and  Utility  Space.  These  hatches  were  originally 
configured  to  open  vertically,  and  to  be  pinned  Into  place  so  the 
handles  mounted  on  their  undersides  may  be  used  when  climbing 
down  the  ladder.  The  opening  of  the  hatch  with  this 
configuration  obstructed  passage  through  the  Main  Cabin.  It  was 
unsafe  to  step  around  the  hatch  openings  while  the  boat  was 
underway.  Even  In  port.  It  was  difficult  to  step  around  the  open 
hatches  safely.  It  was  also  difficult  to  lift  heavy  equipment, 
spare  parts  or  the  Inflatable  boat  out  of  the  Storage  Space 
because  of  the  hatch  configuration.  The  Group  Engineer  proposed 
an  alternative  hatch  configuration  and  It  has  been  Implemented  to 
correct  the  problem.  The  arrangement  Includes  starboard  side 
hinges  on  the  auxiliary  machinery  space  hatch  and  port  side 
hinges  on  the  engine  room  hatch  both  with  manual  slot-and-chaln 
latch  mechanisms.  Future  designs  should  consider  different  hatch 
placement,  avoiding  the  boat's  main  traffic  pathway. 

Leaky  Windows:  The  design  of  the  side  windows  of  the  boat  allows 
water  to  enter  through  their  seals.  This  leakage  Is  caused  by 
the  main  engines  drawing  air  from  the  main  cabin  through  the 
unsealed  engine  room  hatch.  To  prevent  this  may  require  resizing 
the  main  deck  vents  that  supply  Intake  air  for  the  engines  or 
Installing  air- tight  seals  to  the  main  cabin  to  the  engine  room 
hatch  or  provide  an  alternate  dry  vent  for  the  main  cabin  which 
will  allow  fresh  air  In  with  minimal  entrained  water.  This 
problem  was  discussed  at  the  March  1993  Project  Evaluation  Board 
meeting.  At  present,  water  entry  causes  problems  for  the  crew 
where  It  seeps  Into  electronics  and  publications  located  under 
the  windows. 

Limits  to  Coxswain's  Field  of  View;  The  field  of  view  of  the 
coxswain  from  the  steering  station  in  the  starboard  forward  part 
of  the  main  cabin  Is  limited  by  several  obstructions.  The  frames 
on  the  forward  windows  are  very  wide,  placed  far  forward  and 
obstruct  the  view  of  a  significant  portion  of  the  horizon.  On  a 
41-FT  UTB,  window  frames  are  closer  to  the  coxswain,  and 
therefore  small  movements  of  the  coxswain's  head  allow  a  view  of 
the  area  obstructed  by  the  window  frames.  On  the  502001,  the 
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coxswain  must  move  away  from  the  helm  to  ensure  that  the  window 
frames  are  not  obstructing  objects/ vessels  on  a  constant  bearing. 
The  flare  of  the  bow  limits  the  view  of  nearby  objects  In  the 
water  directly  ahead  and  at  the  bow.  Because  of  the  location  on 
the  starboard  side  of  the  boat.  It  Is  not  possible  to  see  objects 
In  the  water  alongside  the  boat  on  the  port  side.  In  addition, 
the  galley  equipment  obstructs  the  view  aft,  especially  on  the 
starboard  quarter.  The  coxswain  may  not  be  able  to  see  activity 
on  the  well  deck  and  at  the  tow  bltt  because  of  these 
obstructions.  This  can  cause  safety  problems  during  towing  and 
recovery  operations.  Future  designs  should  ensure  that  these 
obstructions  are  eliminated.  A  flying  bridge  control  station 
could  have  advantages,  especially  In  terms  of  height  of  eye  and 
clear  view  of  the  deck  and  objects  In  the  water.  Given  the 
existing  design  of  the  502001,  caution  must  be  taken  In 
Incorporating  a  flying  bridge  Into  the  design  because  of  the 
decrease  In  stability  from  moving  the  weight  of  crew  and  controls 
higher . 

Difficulties  with  Stern  Ramp  Winches;  The  stern  ramp  has  an 
electric  or  hand  crank  powered  winch  with  a  cable  system  to  raise 
and  lower  the  ramp.  The  cable  has  parted  three  times  while  In 
use.  The  winch  has  been  replaced  twice,  and  the  running  gear  was 
also  replaced.  While  the  ramp  Is  extremely  useful,  the  system  to 
operate  It  must  be  Improved.  A  Hydraulic  system  should  be 
considered. 

Lack  of  Low  Hand-Holds  In  Cabin:  In  the  main  cabin,  hand>hold 
rails  are  provided  In  the  overhead.  For  short  crew  members, 
these  hand-holds  are  too  high  to  use.  Some  hand-holds  for 
smaller  persons  are  provided  on  the  corners  of  tables  and 
cabinets,  along  with  some  stanchions  In  the  main  cabin.  This  Is 
generally  unsafe  for  smaller  persons  when  the  boat  Is  operating 
In  a  seaway  due  to  the  sharp  edges  of  the  mlllwork  and  the 
distance  between  any  two  hand-hold  locations. 

Window  Fogglnq/Def resting;  In  conditions  of  high  humidity,  the 
windows  fog  on  the  Inside.  The  Installed  defrosting  system  Is 
Inadequate  to  clear  this  fogging.  This  creates  an  especially 
hazardous  situation  with  the  forward  windows.  The  crew  must  be 
able  to  see  forward  for  safe  piloting,  but  It  Is  difficult  to 
reach  the  forward  windows  because  of  the  configuration  of  the 
cabin.  Someone  must  climb  onto  the  chart- table  and  the  dashboard 
space  below  the  windows  to  wipe  off  the  condensation.  This  Is 
dangerous  In  a  seaway,  because  there  are  no  good  hand-holds  In 
this  area.  A  dehumldlfylng  system,  and/or  electric  defogglng 
windows  may  be  required  to  Improve  visibility. 

High  Well-Deck  Hand  Ralls:  High  handrails  aft  hinder  working 
over  the  side.  Coupled  with  the  freeboard  of  the  boat  aft,  and 
the  arrangement  of  the  handrails  In  the  well  deck.  It  Is  very 
difficult  to  lift  objects  over  the  side  If  the  well  deck  stern 
ramp  cannot  be  used.  An  alternative  arrangement  for  handrails  In 
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the  well  deck  should  be  considered  to  allow  persons  to  work  over 
the  slde> 


Spray  Obscures  Visibility:  When  the  boat  is  numlng  at  high 
speeds,  a  great  deal  of  spray  soffletlmes  oomea  off  the  bow.  This 
spray  can  go  as  high  as  the  top  of  the  pilothouse,  and  can 
completely  obscure  visibility.  The  problem  is  aggravated  when 
the  boat  runs  trimmed  do«m  by  the  bow,  such  as  when  operating 
with  excessive  trim  tab  angles.  This  spray  contributes  to  the 
leaky  window  problem  in  the  main  cabin.  The  spray  can  also  lead 
to  Increased  icing  when  underway  in  cold  temperatures.  The  boat 
has  a  large  pilothouse  area  for  accumulating  ice,  which  would 
lead  to  decreased  stability  and  slippery  decks.  A  spray  rail  or 
refinement  to  the  bow  design  to  reduce  the  spray  is  recommended. 

Fuel  tanks  and  ffyyhftp?  The  original  fuel  tank  vent  system 
permitted  sea  water  to  ingress  through  the  side  vents  and  into 
the  tank.  All  of  the  boat's  tanks  were  vented  through  the  side 
of  the  hull.  An  alternative  vent  arrangement  was  discussed  at 
the  March  1993  Project  Evaluation  Board  meeting,  when  it  was 
decided  to  raise,  enlarge,  and  move  these  vents  to  the  main-deck 
level  to  prevent  this  problem.  It  is  not  possible  with  the 
present  fuel  plumbing  to  strip  fuel  frcxn  the  bottom  of  the  aft 
tank.  The  fuel  tanks  do  not  have  inspection  covers  that  allow 
the  periodic  internal  inspections  required  of  these  tanks. 

Engine  Room  main  deck  hatch  hazard;  The  engine  room  hatch  into 
the  main  deck  is  a  potential  hazard  when  open.  The  hatch  is 
along  the  center  line.  Just  outside  the  door  from  the  main  cabin. 
A  person  unaware  of  the  open  hatch  could  pot .ntlally  fall  into 
the  engine  room.  Also,  since  this  hatch  (and  the  lazarette 
hatch)  is  not  hinged,  the  hatch  covers  are  "free"  when  the  hatch 
is  open.  The  hatch  cover  could  potentially  be  lost  over  the  side 
if  the  hatch  must  be  opened  in  a  seaway.  A  hinged  hatch  with 
"lock-open"  latch  mechanism  as  previously  discussed  is 
recommended. 

Marine  stove:  The  stove  top  and  convection  microwave  oven  on  the 
boat  are  conventional  shoreslde  equipment.  There  is  no  means  to 
secure  pots  and  cookware  when  it  is  rough.  This  can  lead  to 
dangerous  spilling  of  hot  foods  when  the  crew  is  cxx>king.  It  was 
observed  that  while  the  boat  was  docked  at  Little  Creek,  the  chop 
and  wave  slamming  prevented  use  of  the  stove  top. 

Limited  Storage  Space  for  Personal;  Storage  space  is  inadequate 
for  dry  stores,  refrigerated  foods,  consiimable  supplies,  and 
personal  gear.  The  lack  of  adequate,  well-designed  storage 
encourages  poor  stowage  and  a  general  lack  of  securing  personal 
effects  for  sea. 

Head  Doors  and  Privacy;  The  vinyl  doors  lack  durability,  when 
one  is  broken  there  is  little  to  no  privacy.  Generally,  the  head 
and  shower  do  not  have  adequate  sound  proofing  and  their  location 
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along  the  main  passageway  degrades  crew's  c<mfort  in  using  these 
facilities. 

Reduced  Storage  Space  for  Publications;  In  keeping  with  the 
desire  to  reduce  the  administrative  workload  of  the  crew,  the 
number  of  publications  carried  aboard  has  been  reduced  to  a 
minimum.  However,  some  of  the  publications  required  for  crew 
training  are  not  available  onboard.  This  lack  of  training 
materials  and  documentation  could  have  a  negative  effect  on  the 
crew's  overall  readiness.  Some  alternative  means  to  provide  the 
crew  access  for  all  necessary  training  materials  Is  required, 
such  as  having  all  such  material  accessible  on  a  laptop  computer. 

Condensation :  In  addition  to  the  leaking  windows  and  the  fogging 
on  the  windows,  condensation  Is  a  problem  In  general.  The 
Insulation  behind  the  paneling  in  the  main  cabin  was  found  to  be 
saturated  with  moisture.  A  means  to  dehumidlfy  the  boat  appears 
necessary. 

HVAC  System  Vents  and  Controls:  Some  crew  members  have 
complained  about  the  HVAC  system  controls  and  vent  arrangements. 
In  the  sleeping  quarters  there  Is  only  one  control .  The  crew 
would  prefer  two  zones,  one  for  each  stateroom.  The  vent 
arrangement  In  the  forward  cabin  does  not  allow  for  good 
circulation  of  air.  A  modification  to  Improve  this  system  was 
proposed  at  the  March  1993  Project  Evaluation  Board  meeting. 

Lounging /Furniture  Arrangements;  Crew  members  have  complained 
that  the  arrangement  of  the  settees  are  not  comfortable  for 
lounging  during  non-working  hours .  The  settees  ca:  not 
comfortably  seat  all  crew  members.  Crew  members  must  turn  their 
necks  sideways  to  an  uncomfortable  angle  to  view  the  TV  from  the 
settees  and  the  bench  height  is  too  high  for  short  people  to 
reach  the  floor.  Some  Improvements  to  furniture  and  arrangements 
may  be  possible  for  future  llve-aboard  boats. 

Cold  Weather  HVAC  Problems;  The  Heating,  Ventilating  and  Air 
Conditioning  System  was  inoperable  in  cold  weather.  At  water 
temperatures  less  than  40 "F,  the  unit  ices  up,  thereby  preventing 
heating  to  occur,  and  at  temperatures  above  86 'F  the  unit  does 
not  provide  cooling.  The  specification  required  all  systems  on 
the  boat  to  operate  with  water  temperatures  between  98  “F  and 
28’’F. 

Emergency  Operations ;  The  location  of  the  emergency  steering 
valve  Inside  the  lazarette  makes  engaging  the  emergency  steering 
a  dangerous  job  in  rough  weather.  This  valve  should  be  relocated 
to  be  usable  from  ;the  welldeck.  The  emergency  tiller  requires 
excessive  strength  to  operate. 

Overboard  Discharges;  Are  located  such  that  a  small  vessel  towed 
alongside  Is  in  danger  of  being  swamped. 


59 


4.2  Mechanical  and  Design  Advantages  Noted  During  TECHEVAL 

There  are  several  very  useful  advantages  of  the  features 
incorporated  in  the  502001.  This  section  lists  a  few  of  the 
advantages  that  should  be  considered  further  for  any  class  of 
USCG  small  boats. 

Live-Aboard  Accommodations  for _ _ Crew;  The  most  unique 

features,  and  the  features  with  the  most  marked  advantage,  are 
the  facilities  on  the  502001  for  the  crew  to  live  aboard.  The 
boat  can  be  operated  to  remain  overnight  at  remote  locations  away 
from  its  dock.  The  long  transit  time  to  return  to  home  port  can 
be  eliminated.  The  habitability  improvements  of  this  boat  should 
reduce  crew  fatigue.  Future  UTB  replacements  should  consider  the 
advantages  of  Improved  habitability  to  determine  if  this  feature 
should  be  incorporated  in  other  boats. 

Stern  Ramo;  The  arrangement  of  the  well  deck  and  the  stern  ramp 
permit  the  crew  to  deploy  pollution  control  booms  from  the  boat. 
The  stern  ramp  is  also  useful  as  a  platform  and  for  recovering 
persons  and  objects  from  the  water.  The  safety  of  recovering 
persons  from  the  stern,  near  the  propellers,  remains  an 
operational  issue. 

Inflatable  Boat;  The  502001  carries  an  Inflatable  boat  that  has 
been  reinforced  on  the  bottom  due  to  wear  by  the  stern  ramp 
during  launch  and  recovery.  The  boat  has  an  outboard  motor  and 
is  used  for  shallow  water  operations.  The  ability  to  launch  and 
recover  a  small  outboard-powered  boat  from  a  USCG  Utility  Boat 
may  provide  significant  flexibility  for  a  variety  of  missions. 

Improved  Command  and  Control  Facilities;  The  large  plotting 
table,  secure  voice  cellular  phone  and  FAX,  VHF  Marine 
communications,  autopilot  and  navigation  equipment  on  the  502001 
make  the  boat  an  excellent  short-range  command  and  control 
platform. 
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5.0  SUMMARY 

Table  5.1  summarizes  the  overall  results  of  the  technical 
evaluation  comparison  between  the  two  boats.  The  502001  has  a 
better  ride  quality  during  rough  seas  and  Improved  habitability 
over  the  41 -FT  UTB.  In  general,  the  crew  Is  less  fatigued  as  a 
result  of  the  Improved  ride  and  Increased  habitability.  A  study 
to  quantify  the  actual  Improvement  In  crew  mission  performance 
was  not  a  part  of  this  project. 

The  TECHEVAL  tests  conducted  In  November  of  1992  have 
established  a  performance  baseline  for  the  502001  NORCREW  Concept 
boat.  Performance  areas  measured  Include  maneuvering,  powering 
and  seakeeping  performance  of  the  boat.  Although  It  Is  Important 
to  document  the  performance  characteristics  of  any  new  addition 
to  the  Coast  Guard  fleet,  the  data  collected  here  are  primarily 
to  be  used  to  support  the  assessment  of  the  operational 
capability  of  the  NORCREW  concept.  It  Is  essential  to  understand 
that  the  Coast  Guard  Is  focusing  Its  evaluation  on  the  NORCREW 
llve-aboard  concept  to  perform  Coast  Guard  multi-mission 
operations  and  not  so  much  the  craft  Itself.  However,  If  the 
craft  cannot  technically  meet  Coast  Guard  performance 
expectations  equivalent  to  the  41-FT  UTB  then  the  testing  of  the 
concept  may  be  Invalidated.  The  TECHEVAL  tests  would  reveal  If 
there  were  any  significant  technical  performance  characteristics 
of  the  boat  that  could  have  had  a  negative  Impact  on  the  outcome 
of  the  NORCREW  concept  evaluation. 

In  terms  of  principal  characteristics,  the  502001  Is  larger 
In  displacement,  length,  beam,  and  draft  than  the  41-FT  UTB.  The 
41-FT  UTB  has  a  center  skeg  whereas  the  propellers  are  the  lowest 
point  In  the  draft  of  the  502001.  The  larger  size  of  the  502001 
and  the  propeller  exposure  Increases  the  risk  of  grounding  damage 
over  that  of  the  41-FT  UTB.  Although  the  502001  boat  Is  larger 
than  the  41-FT  UTB,  It  Is  difficult  to  Imagine  If  the  same  level 
of  habitability  could  have  been  possible  with  a  41-FT  NORCREW 
boat. 

The  turning  maneuvers,  zig-zag,  and  spiral  testing  of  the 
502001  all  demonstrated  that  the  502001  has  good  stability  of  the 
helm  but  decreased  maneuverability  than  the  41-FT  UTB.  The 
difference  was  expected  because  the  tightness  of  turning 
maneuvers  Is  related  to  the  boat's  length  and  speed.  Still,  the 
turning  performance  of  the  502001  Is  adequate  for  safe  navigation 
and  maneuvering  and  should  not  Impact  the  NORCREW  concept 
evaluation . 
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TABLE  5.1 
A  Relative 

comparison  of  Technical  Performance  Characteristics 


Spaed  vs  Power 
Trim  vs  Speed 
Stability 
Turn  Radius 
Acceleration 
Speed  vs  Sea  Height 
Fuel  Consumption 
Range 

Motion  in  Waves 
Zig  Zag  Test 
Spiral  Test 
Draft 

Habitability 


CG502001  41  FT  UTB 


Very  Good 


Acceptable  Unacceptable 


*  This  is  a  relative  comparison.  Habitability  for 
a  41 -FT  UTB  is  unacceptable  for  living  aboard 
since  it  does  not  have  accommodations. 
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Acceleration  of  the  502001  is  good.  It  accelerates  faster  to 
its  top  speed  than  the  41-FT  UTB  but  the  502001 's  top  speed 
during  testing  was  22.4  knots  versus  a  41-FT  UTB's  26  knots.  The 
boat  also  has  difficulty  planing  without  the  use  of  its  trim  tabs 
at  settings  above  5*.  This  boat  is  most  efficient  when  it 
planes,  but  any  mechanical  problems  with  the  trim  tabs  could 
prevent  planing  and  lead  to  increased  fuel  consumption  and 
reduced  range.  Above  trim  tab  settings  of  10*,  the  502001 
acquires  a  bow-down  trim  causing  bow  spray  which  reduces 
visibility.  In  addition,  the  top  speed  of  the  502001  is  reduced 
as  much  as  five  knots.  It  was  found  that  the  502001  requires  1.5 
to  2.7  times  more  fuel  than  a  41-FT  UTB  at  cruising  and  maximum 
speeds,  respectively. 

The  results  of  the  side-by-side  seakeeping  tests  demonstrated 
that  the  502001  has  better  seakeeping  abilities  than  the  41-FT 
UTB.  The  502001,  while  having  a  slower  maximum  speed  in  calm  sea 
conditions  than  the  41-FT  UTB,  is  a  more  sea-state  tolerant 
platform  and  can  maintain  a  faster  speed  in  adverse  sea 
conditions . 

For  noise  levels  in  octave  bands  centered  at  250  Hz  and 
lower,  personnel  comfort  and  voice  communication  requirements  did 
not  meet  OPNAVINST  standards.  "A"  weighted  noise  level 
requirements  were  met.  Compared  to  the  41-FT  UTB,  the  502001  is 
quieter  at  the  coxswain's  station  and  crew's  berthing,  but  about 
the  same  in  the  engine  room.  Use  of  the  engine  room  hatch  in  the 
main  cabin  required  the  crew  to  wear  hearing  protection.  Aside 
from  being  disruptive  to  crew  members,  frequent  exposure  to  cabin 
noise  levels  at  high  boat  speeds,  and  occasional  exposure  when 
the  hatch  covers  are  opened,  may  impose  a  health  risk.  Further 
analysis  may  be  needed  to  study  the  effects  on  a  llve-aboard 
crew. 


Mechanical  and  design  issues  identified  during  the  TECHEVAL 
and  during  day-to-day  502001  operational  use  could  pose  some 
threat  to  a  fair  evaluation  of  the  NORCREW  concept.  The  problems 
discussed  Included  the  dangerous  configuration  of  the  main  cabin 
hatches,  salt  water  intrusion  through  leaky  windows,  poor  field 
of  view  at  the  coxswain's  station,  lack  of  cabin  hand-holds  for 
shorter  crew  members,  inadequate  window  defrosting  system,  and  a 
few  other  minor  problems  discussed  in  4.1.  These  problems  are 
specific  to  the  502001  and  are  typical  of  the  types  of  problems 
found  on  a  prototype  boat.  All  of  these  problems  could  be 
corrected  for  a  production  boat.  Nevertheless,  these  problems 
could  skew  crew  perceptions  of  the  capability  and  habitability  as 
it  applies  to  the  NORCREW  Concept  evaluation. 

Considerable  discussion  has  focused  on  minor  design  problems 
with  the  502001  and  shortcomings  in  performance  when  compared  to 
the  41-FT  UTB,  but  there  are  also  some  unique  advantages  to  this 
boat.  They  Include  the  llve-aboard  accommodations,  a  stern 
launch  ramp.  Inflatable  boat,  and  Improved  command  and  control 
facilities. 
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6.0  CONCLUSIONS 


Table  5.1  provides  a  relative  comparison  between  the  502001 
and  a  41 -FT  UTB  based  on  the  results  of  the  technical  evaluation. 
Although  the  data  collected  demonstrated  some  differences,  the 
502001  Is  considered  technically  suitable  as  a  Coast  Guard  multi- 
mission  platform.  The  502001  should  be  capable  of  performing 
search  and  rescue,  and  supporting  law  enforcement,  marine 
environmental  protection,  and  recreational  boating  safety 
missions.  Some  of  the  technical  differences  noted  Include  the 
larger  size  of  the  502001  as  a  potential  negative  aspect  of  the 
boat  where  fuel  use  Is  concerned.  The  larger  size  does  have  a 
positive  aspect  In  seakeeping  performance  which  was  demonstrated 
In  the  slde-by-slde  comparison  between  the  502001  and  a  41-FT 
UTB.  The  configuration  of  the  502001  propellers  as  the  lowest 
point  In  Its  navigational  draft  Increases  the  risk  of  grounding 
damage  over  the  41-FT  UTB  which  has  a  large  skeg  for  protection. 
The  turning  performance  of  the  502001  was  found  to  be  adequate 
for  safe  navigation  and  maneuvering,  but  not  as  good  as  the  41-FT 
UTB.  It  was  determined  that  the  502001  cannot  plane  without  the 
use  of  trim  tabs  set  between  5  and  10  degrees.  Based  on  standard 
noise  criteria  for  craft  100  FT  or  less  In  length,  neither  the 
personnel  comfort  or  voice  communication  requirements  are  met  for 
the  crew's  berthing  and  coxswain's  station,  respectively. 
Although  this  may  raise  concern.  It  Is  common  that  small,  fast 
vessels  typically  do  not  meet  required  noise  standards.  The  41- 
FT  UTB  does  not  meet  the  voice  communications  standards  either. 

It  Is  the  opinion  of  the  R&DC  TECHEVAL  Team  that  there  are  no 
technical  performance  characteristics  of  the  502001  that  would 
have  a  negative  Impact  on  the  outcome  of  the  NORCREW  Concept 
evaluation.  Whether  or  not  the  502001  Is  the  proper  platform  for 
a  class  of  boats  dedicated  to  this  staffing  arrangement  would 
depend  on  the  mission  requirements  placed  on  such  a  boat  and 
would  require  further  study. 
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PBHDULUM  t  ZSCLZV1M6  WBZOBT  DATA 


FDIDULUM  DATA 


No.  LOCATION 

1  MIDSHIP  5FT  AFT  ENGRN  FWD  BLKHD 


LENGTH  TO  BATTEN 
in 


156.125 


LOCATION  : 

DESCRIPTION  : 

CERTIFICATION: 


ZMCLIHZHG  HBZGHT  DATA 

50  FT  NORCREW  MAIN  DECK 

STEEL  WEIGHTS  AND  PEOPLE 
0 

0 


No. 

IDENTIFICATION 

WEIGHT 

Lbs 

VCG 

ft-BL 

LCG 

ft-AP 

TCG 

ft-CL 
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NO.  1 

100.800 

7.910 

13.752F 

0.000 

2 

NO.  2 

100.800 

7.910 

13.752F 

0.000 
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NO.  3 

53.760 

7.910 

13.752F 

0.000 
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NO.  4 

53.760 

7.910 

13.752F 

0.000 

5 

NO.  5 

40.320 

7.910 

13.752F 
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NO.  6 

241.920 

8.080 

18.752F 

0.000 

7 

NO.  7 

168.000 

8.450 

26.252F 
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NO.  8 

181.440 

8.250 

22.502F 
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NO.  9 

206.080 

8.450 

26.252F 

0.000 
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NO.  10 

176.960 

8.080 

18.752F 

0.000 
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ft 
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1 
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0.000 
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0.000 
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1 
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0.000 
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0.000 
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0.000 
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0.000 
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0.000 
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0.000 
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0.000 
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0.000 

0.000 

9 

206.080 

0.000 

7.500P 

7.500P 

1545. 600P 

10 

176.960 

0.000 
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ft 
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4 

1 
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0.000 

0.000 

0.000 

0.000 

2 

100.800 

0.000 

0.000 

0.000 

0.000 

3 

53.760 

0.000 

0.000 

0.000 

0.000 

4 

53.760 

0.000 

0.000 

0.000 

0.000 

5 

40.320 

0.000 

0.000 

0.000 

0.000 

6 

241.920 

0.000 

7.500S 

7.500S 

1814. 400S 

7 

168.000 

0.000 

7.500S 

7.500S 

1260. OOOS 

8 

181.440 

0.000 

7.500S 

7.500S 

1360. 800S 

9 

206.080 

0.000 

7.500S 

7.500S 

1545. 600S 

10 

176.960 

0.000 

7.500S 

7.500S 

1327. 200S 

7308. OOOS 

5 

1 

100.800 

0.000 

0.000 

0.000 

0.000 

2 

100.800 

0.000 

0.000 

0.000 

0.000 

3 

53.760 

0.000 

0.000 

0.000 

0.000 

4 

53.760 

0.000 

0.000 

0.000 

0.000 

5 

40.320 

0.000 

0.000 

0.000 

0.000 

6 

241.920 

0.000 

7.500P 

7.500P 

1814. 400P 

7 

168.000 

0.000 

7.500P 

7.500P 

1260. OOOP 

8 

181.440 

0.000 

7.500P 

7.500P 

1360. 800P 

9 

206.080 

0.000 

7.500P 

7.500P 

1545. 600P 

10 

176.960 

0.000 

7.500P 

7.500P 

1327. 200P 

7308. OOOP 

6 

1 

100.800 

0.000 

7.500S 

7.500S 

756. OOOS 

2 

100.800 

0.000 

7.500S 

7.500S 

756. OOOS 

3 

53.760 

0.000 

7.500S 

7.500S 

403.200S 

4 

53.760 

0.000 

7.500S 

7.500S 

403.200S 

5 

40.320 

0.000 

7.500S 

7.500S 

302.400S 

6 

241.920 

0.000 

7.500S 

7.500S 

1814. 400S 

7 

168.000 

0.000 

7.500S 

7.500S 

1260. OOOS 

8 

181.440 

0.000 

7.500S 

7.500S 

1360. 800S 

9 

206.080 

0.000 

7.500S 

7.500S 

1545. 600S 

10 

176.960 

0.000 

7.500S 

7.500S 

1327. 200S 

9928. 800S 
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TRZAL 

No. 

WT 

No. 

WEIGHT 

L 

INITIAL 

POSITION 

TCG 

ft-CL 

DISTANCE 

MOVED 

ft 

TRIAL 

POSITION 

TCG 

ft-CL 

MOMENT 

ft-Lbs 

TOTAL 

IR)MEMT 

ft-Lbs 

7 

1 

100.800 

0.000 

7.500P 

7 . 500P 

7S6.000P 

2 

100.800 

0.000 

7.500P 

7.500P 

756.000P 

3 

53.760 

0.000 

7.500P 

7.500P 

403.200P 

4 

53.760 

0.000 

7.500P 

7 . 500P 

403.200P 

5 

40.320 

0.000 

7.500P 

7 . 500P 

302.400P 

6 

241.920 

0.000 

7.500P 

7.500P 

1814. 400P 

7 

168.000 

0.000 

7.500P 

7.500P 

1260. OOOP 

8 

181.440 

0.000 

7.500P 

7.500P 

1360. 800P 

9 

206.080 

0.000 

7.500P 

7.500P 

1545. 600P 

10 

176.960 

0.000 

7.500P 

7.500P 

1327. 200P 

9928. 800P 
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SmOOURT  OF  YMKIBMTf 


TRIAL 

PEND 

No. 

PEND 

READING 

in 

REF. 

POSITION 

in 

PEND 

MOVEMENT 

in 

PEND 

LENGTH 

in 

TANGENT 

INCL 

IN 

AVG 

AVERAGE 

TANGENT 

1 

1 

12.000 

12.000 

0.000 

156.125 

0.00000 

Y 

0.00000 

2 

1 

13.633 

12 . 000 

1.633S 

156.125 

0.01046S 

Y 

0.01046S 

3 

1 

10.188 

12.000 

1.812P 

156.125 

0.01161P 

Y 

0.01161P 

4 

1 

16.875 

12 . 000 

4.875S 

156.125 

0.03122S 

Y 

0.03122S 

5 

1 

7.375 

12.000 

4.625P 

156.125 

warn 

mm 

0.02962P 

6 

1 

18.375 

12.000 

6.375S 

156.125 

0.04083S 

Y 

0.04083S 

7 

1 

5.500 

12.000 

6.500P 

156.125 

0.04163P 

mm 

0.04163P 

Note:  Tha  lafaranea  Nndulua  Soaition  carraaponda  to  tha  initial  pandulta  raadinp. 
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Unit«d  StatM  Coast  Guard 
MKMW 


Stability  Taat  taport 


8HZP  AT  TZMB  OP  STABILITY  TEST 
PLOT  OP  MOMElfT  vs  TAHOEMT 


SHIP  AT  TIME  OF  STABILITY  TEST 
GMt  Calculation 


SUMMARY  OF  TAMGEMT  AMD  MOMENT  VALUES 


Trial 

No. 

Total  Moment 
ft-Lbs 

Average 

Tangent 

Trial  i 
ft 

1 

0.000 

0.00000 

2 

2805. 600S 

0.01046S 

3 

2805. 600P 

0.01161P 

4 

7308. OOOS 

0.03122S 

4.280 

5 

7308. OOOP 

0.02962P 

4.511 

6 

9928. 800S 

0.04083S 

4.447 

7 

.  9928. 800P 

0.04163P 

4.361 

Vessel  GMt  at  time  of  Stability  test  »  4.411  ft 

Probable  Absolute  Error  «  0.05084  ft 

Corrected  Vessel  Displacement  «  54683.88  Lbs 

Slope  «>  delta  Moment  /  delta  Tangent  »  241228.31 


Nota:  Final  GMt  ■  Slopa  /  Oiaplacaatant.  Slopa  is  datanainsd  froai  tha  laast  squaras  fit  of  trial  data. 
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United  tutm  CoMt  tuerd 


Stability  Teat  Report 


MMCMW 


SHIP  AT  TIME  or  STABILITY  TEST 
COMDITIOM  0 


TRIM  AMD  DI8PLACBMBMT  SUMMARY 


Ntd  Drafta  -  at  Aft  Perp. 

3.400 

ft 

•  at  NIdahip 

3.560 

ft 

-  at  fortiard  Parp. 

3.719 

ft 

Trin  batnaen  parpendiculara 

0.319F 

ft 

Nap  or  Sap 

0.000 

ft 

ICf  (frae  AP) 

18.471F 

ft 

(at  Naan  Draft  batwaan  Parpa.) 

Draft  at  LCf 

3.537 

ft 

(on  at.  line  batMoan  Parpa.) 

Corrected  Draft  at  LCF 

3.537 

ft 

(correction  >  O.OO^bopaap) 

Diaplaeanent  at  LCF  Draft 

54619.71 

Lbs 

(eorractod  for  hop/aap) 

Sp  Sr  uaad  for  Dlepl  cate 

1.0250 

Sp  Gr  of  Flotation  Water 

1.0260 

(at  Ad.OO  dep-F> 

1.0262 

(at  60  dap  F) 

Total  DiaplaeaMtnt 

54683.88 

Lbs 

(in  flotation  watar) 

STABILITY 

SUMMARY 

Virtual  Natacontrie  Heipht  (GHo) 

4.411 

ft 

(fren  trial  raaults) 

Free  Surface  Correction 

0.022 

ft 

(for  liquids  as  inelinad) 

Tranavoraa  Natacontrie  Heipht  (GNt) 

4.434 

ft 

(GNo  ♦  FS) 

KNt  above  Saaelina 

10.571 

ft 

(8  LCF  draft  fron  hydro  table) 

VC6  above  laaalina 

6.137 

ft 

(mt  •  GNt) 

mi  above  Paaalina 

71.741 

ft 

(8  LCF  draft  froa  hydro  table) 

Lonp't  Natacontrie  Heipht  (GNl) 

65.604 

ft 

(ml  •  VC6) 

N—nt  to  Trin  1  in 

6925.13 

ft-Lbs 

(GNl  •  DieplaeasMnt  /\bP) 

Triiminp  Lever 

0.485F 

ft 

(Trin  •  NCT1  /  Diaplacasant) 

LCD  (fron  AP) 

19.342F 

ft 

(8  LCF  draft  froa  hydro  table) 

LC6  (fron  AP) 

19.828F 

ft 

(LC8  •  Trisininp  Laver) 

Period  of  Copplata  Roll  (T) 

3.36 

secs 

Apparent  Radius  of  Gyration 

6.369 

ft 

(T  •  SaR(GNe)  /  1.108) 

Rollinp  Constant 

0.  53 

(T  •  SQR(GNo)  /  8aaa) 
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united  Ststw  CoMt  duerd 


Stability  Taat  Saport 


LZOBT  SHIP 
COMDZTZOM  1 


Flotation  Water  Specific  Gravity  «  1.0250 


ITEM 

UflDMT 

Lba 

ves 

ft-a 

VNOP 

ft-  Lbo 

LC8 

ft-AA 

LNON 

ft-  Lbo 

TC8 

ft-a 

TNOP 

ft-  Lbo 

Slip  in  Condition  0 

54483.88 

4.137 

335404.49 

19.8287 

1084247.887 

0.000 

0.00 

Liduido  00  Inclinod  to  Deduct 

•4185.28 

2.430 

•10149.55 

14.2107 

-47845.197 

0.025S 

•102.42S 

Dry  Itoae  to  Deduct 

•3640.14 

7.344 

•24951.71 

21.0207 

•74937.247 

0.394P 

•1451.079 

Dry  ItOM  to  Dolocota 

0.00 

0.000 

0.00 

0.000 

0.00 

0.000 

0.00 

Dry  ItoM  to  Add 

120.04 

5.333 

445.08 

18.3357 

2217.747 

1.500$ 

181 .44S 

Add'  1  Liqufde  to  Add/Ooduct 

247.01 

5.333 

1317.32 

8.1277 

2007.347 

3.000S 

741.04$ 

Lisht  Slip  (Condition  1) 

47206.42 

6.345 

300445.81 

19.9917 

943490.547 

0.048S 

2270.94$ 

STABILITY  CALCULATZOB 


KMt  11.435 
VCG  6.365 
GNo  5.071 
F.S.  Moaent  0.00 
F.S.  Correction  0.000 
GMt  Corrected  5.071 


TRIM  CALCULATIOM 
ft  LCF  Draft 

ft  LCB  (from  AP) 

ft  LCF  (from  AP) 

ft-Lbs  KMl 
ft  NTlin 

ft  Trim 

List 


3.301  ft 
19.497F  ft 
18.239F  ft 
79.158  ft 
6633.30  ft-Lb/in 
0.293F  ft 
0.54S  deg 


MOLDED  DRAFTS 
F.P. 

A.P. 


MOLDED  DRAFTS  AT  MARKS 

3.470  ft  Fwd  Marks  3.402  ft 

3.177  ft  Aft  Narks  3.177  ft 
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UnttMl  tUtM  CM«t  A«r4  Stability  Tatt  Bat<ort 

MKHW 


LIQ0ID8  tkM  ZMCLZinSD  TO  Bl  OBTOCTBD 


DZUBL  OIL 

(Bp. Tel 

.  S  40. 

7025 

ft3/LT) 

■a. 

otsaiiaTiOH 

SOUHDIHO 

VOLUME 

HEI8HT 

VGG 

VMOM 

LCG 

LMOH 

TCG 

THOM 

FRU  SURF 

ft- in 

■at 

Ltae 

ft-8L 

ft-Lba 

ft-AF 

ft-Lbs 

ft-a 

ft-Lbs 

ft-Lbs 

1 

n«  nn.  oil 

0-11.13 

38.13 

428.783 

2.887 

1138.12 

23.732f 

10133.79F 

0.800 

0.00 

883.88 

2 

AFT  nSL  OIL 

1-11.30 

318.30 

2338.183 

2.887 

82».89 

3.833F 

13882.08F 

0.000 

0.00 

781.80 

TOTAL  OICSfL  OIL 

378.83 

2788.908 

2.887 

7378.01 

•.800f 

23777.837 

0.000 

0.00 

1223.28 

nUBSH  TATIX 

(Bp.Tol 

.  S  35. 

•S14 

ft3/LT) 

He. 

DCSCIIPTIOH 

SOUNOIHG 

VOLUME 

HEIGHT 

VCG 

VMOM 

LCG 

IMCM 

TCG 

TNON 

FRK  SURF 

ft-in 

Oal 

Lbs 

ft-8L 

ft-Lbs 

ft-AF 

ft-Lbs 

ft-a 

ft-Lbs 

ft-Lbs 

I 

FRtSH  UATiR  FORT 

0-11.38 

88.18 

332.338 

1.887 

920.78 

31.232F 

17281 .337 

8.887F 

3882.83F 

0.00 

i 

FRCSH  UATn  ST80 

0-11.38 

88.18 

332.338 

1.887 

920.78 

31.232F 

17281. 33F 

8.887S 

3882.83S 

0.00 

S 

SHAT  IMTCR  STIO 

0-  3.23 

18.91 

137.822 

1.300 

238.73 

33.333F 

3280.9SF 

1.333S 

210.38S 

0.00 

6 

1IL6C  HATER 

0-  0.00 

9.23 

77.033 

8.000 

818.27 

20.8Z7F 

1388. 93f 

0.000 

0.00 

0.00 

TOTAL  FRESH  UATU 

180.30 

1339.329 

2.012 

2898.89 

30.888F 

81372.33F 

0.137S 

210.38S 

0.00 

SALT  WATBR  (BLACK) 

(Bp.Tol 

.  s  35. 

0042 

ft3/LT) 

He. 

OSSaiFTlOH 

SOUHOtlM 

VOLUME 

UEI8HT 

VCG 

VMON 

LCG 

LMOH 

TCG 

THOM 

FRU  SURF 

ft-in 

oal 

Lba 

ft-8L 

ft-Lbe 

ft-AF 

ft-Lba 

ft-tt 

ft-Lbs 

ft-Lbs 

7 

•LACK  HATER  FORT 

0-  1.83 

9.A3 

80.881 

1.230 

101.03 

33.333F 

2898. 80F 

1.333F 

107. 78F 

0.00 

TOTAL  SALT  HATER  (HLAa) 

9.83 

80.881 

1.230 

101.03 

33.333F 

2898. 807 

1.333F 

107.787 

0.00 

HYORAOLIC 

OIL 

(Bp.Tol 

.  s  42. 

4320 

ft3/LT) 

He. 

OESaiFTlOH 

SOUNOIHO 

VOLUME 

HEIGHT 

VCG 

VMOM 

LCG 

LMON 

TCG 

THOM 

FREE  SURF 

ft-in 

sal 

Lbs 

ft-8L 

ft-Lbe 

ft-AF 

ft-Lbs 

ft-a 

ft-Lbs 

ft-Lbs 

8 

NTDRAULIC  OIL 

0-  0.00 

0.00 

0.000 

0.000 

0.00 

0.002F 

O.OOF 

0.000 

0.00 

0.00 

TOTAL  NTDRAULIC  OIL 

0.00 

0.000 

0.000 

0.00 

21.385F 

O.OOF 

0.000 

0.00 

0.00 

TOTAL  ALL  TAMX8 

8183.278 

2.830 

10189.33 

18.210F  87883. 19F 

0.02SS 

102.82S 

1223.28 
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UnIM  ttMw 


Stability  Taat  tapart 


DRY  ZTBMS  TO  BB  DBDOCTBD 


TOTBL  ZBCLZHIBG  VBZOBTB 


M. 

oncotsTtoi 

WiIttT 

Lba 

vet 

ft-M. 

mm 

ft'Lba 

Let 

ft'At 

LNOM 

ft'Lha 

TCS 

ft-a 

TMOt 

ft-Lba 

1 

IncUnim  atiibt 

> 

to.  1 

100.000 

7.910 

797.33 

13.7527 

1300.157 

0.000 

0.00 

2 

Inclinint  aaight 

s 

to.  2 

100.000 

7.910 

797.33 

13.752F 

1300.157 

0.000 

0.00 

3 

Incl Inins  aaiskt 

a 

• 

to.  3 

33.700 

7.910 

425.24 

13.7527 

739.207 

0.000 

0.00 

4 

Inclinint  aciifit 

a 

a 

to.  4 

53.700 

7.910 

425.24 

13.7527 

739.207 

0.000 

0.00 

5 

Inclinint  aai|bt 

a 

a 

to.  S 

40.320 

7.910 

310.93 

13.7527 

554.407 

0.000 

0.00 

6 

Inclinint  naiilit 

: 

to.  A 

241.920 

0.000 

1954.71 

10.7527 

4330.307 

0.000 

0.00 

7 

Inclinint  wcistit 

a 

a 

to.  7 

100.000 

0.450 

1419.00 

20.2527 

U10.257 

0.000 

0.00 

• 

Inclinint  acitht 

a 

a 

to.  0 

101.440 

0.250 

1490.00 

22.5027 

4002.077 

0.000 

0.00 

9 

Inclinint  wai^t 

a 

to.  9 

200.000 

0.450 

1741.30 

20.2527 

5409.917 

0.000 

0.00 

10 

Inclinint  aaitht 

a 

to.  10 

170.900 

0.000 

1429.04 

10.7527 

3310.277 

0.000 

0.00 

11 

TOTALS 

1323.040 

0.103 

10000.40 

20.0057 

20502.007 

0.000 

0.00 

to. 

OCSCtlSTIOt 

TOTBL 

UKIStT 

Lba 

TB8T 

VCfi 

ft'OL 

BQUZTMBMT 

VNQN 

ft-UMI 

LC8 

ft*A7 

LNOM 

ft-Lba 

TCS 

#t-tt 

TNON 

ft-Lba 

12 

Itaitl  077101 

200.000 

1.000 

329.73 

20.0357 

4293.507 

0.000 

0.00 

13 

tUffttfTI  COtTtOL  lot 

49.200 

0.000 

295.00 

23.7527 

1170.477 

2.5009 

123.209 

14 

tUNPttCYS  SCtSQt  sot 

53.700 

5.333 

200.70 

23.7527 

1270.007 

0.000 

0.00 

15 

TEAC  tie  CASK 

47.040 

7.000 

329.20 

23.7527 

1117.277 

2.5009 

117.009 

10 

LAO  TOO 

17.920 

0.007 

155.31 

20.0027 

350.437 

3.0009 

04.519 

17 

TOOL  KIT 

15.000 

0.007 

135.90 

23.1277 

302.027 

2.4009 

37.039 

10 

to  tOtlTOt 

15.000 

12.000 

110.10 

20.7527 

450.027 

3.2009 

50.109 

19 

KEYIOMO 

4.400 

11.750 

52.04 

20.7527 

120.017 

3.0009 

13.449 

20 

NISC  TOOLS 

0.900 

0.0^ 

77.00 

20.7527 

257.017 

3.2009 

20.079 

21 

SUtO  PtOTICTOKS 

4.400 

11.333 

50.77 

23.7527 

100.417 

5.0009 

25.099 

22 

GOODS 

0.900 

0.007 

77.00 

20.7527 

257.017 

3.2009 

20.079 

23 

to  00N7UTER 

73.920 

9.333 

009.90 

20.7527 

2125.317 

3.2009 

230.549 

24 

TOTALS 

500.240 

5.273 

2009.30 

23.5107 

11905.037 

1.4339 

725.549 

to.  DeSCKI9TI0t 

veistT 

VC6 

mm 

LC6 

LNOM 

TOG 

TNON 

Lba 

ft-OL 

ft-Lba 

ft-A9 

ft-Lba 

ft-a 

ft-Lba 

25 

0.000 

0.000 

0.00 

0.0027 

0.007 

0.000 

0.00 

TOTBL  BLL  ZTBMS 

3000.159 

7.304 

20951.71 

21.0207 

70937.247 

0.3909 

1451.079 
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Uiift«4  StaCM  Coast 


ttobUity  Tost  lopsrt 


OBT  ZTBIS  TO  BB  BDDBD 


No.  OeMlIPTION 

WllfiMT 

VCfi 

VNQN 

LCG 

LNON 

TC8 

TNQN 

Lfao 

ft-DL 

ft-Lte 

ft-AP 

ft'Lbo 

ft-a 

ft'LbO 

1  STK  CMINi  HEAD 

120.M0 

S.S33 

MS. os 

18.33SF 

2217.74F 

1.SQ0S 

181.448 

TOTAL  ALL  ZTBMB 

120.9M 

S.33S 

MS.QS 

18.33SF 

2217.74F 

1.500S 

181.448 
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un<Md  (tMM  CoMt  OMrd 


Stability  Taat  taport 


AODITlOnOi  X.ZQ0XM  TO  &1H>/DID0CT 


DIB81L  OZL 

(Sp.Tol 

.  S  40. 

7925 

ft3/LT) 

No. 

OfSeilHTlOH 

SOUHDIHG 

WUMC 

UilGHT 

VCG 

VMM 

LCG 

LMM 

TCG 

TMM 

TKE  SUI7 

ft- In 

lOl 

Lbs 

ft-IL 

ft-Lbo 

ft-AI 

ft-Lbo 

ft-a 

ft-Lbs 

ft-Lbs 

1 

no  niL  OIL 

0-  0.00 

0.00 

0.000 

0.000 

0.00 

0.0Q2r 

0.007 

0.000 

0.00 

0.00 

2 

An  ML  OIL 

0-  0.00 

0.00 

0.000 

0.000 

0.00 

0.002F 

0.007 

0.000 

0.00 

0.00 

TOTAL  OIIHL  OIL 

0.00 

0.000 

0.000 

0.00 

21.5157 

0.007 

0.000 

0.00 

0.00 

nUMl  TATKA 

(Sp.Tel 

.  S  35. 

••14 

ft3/LT) 

Ho. 

MSaiATlOH 

SOUHDIHG 

MUM 

UilGHT 

VCG 

%M0N 

LCG 

LMM 

TCG 

TMM 

7ICE  SUI7 

ft- in 

GHl 

Lbs 

ft-Ol 

ft-Lbo 

ft-AI 

ft-Lbo 

ft-tt 

ft-Lbs 

ft-Lbs 

3 

nCSH  HATH  NIT 

0-  0.00 

0.00 

0.000 

0.000 

0.00 

0.002F 

0.007 

0.000 

0.00 

0.00 

4 

FinH  yATn  srai 

0-  0.00 

0.00 

0.000 

0.000 

0.00 

0.002r 

0.007 

0.000 

0.00 

0.00 

5 

GUT  UATn  STIO 

0-  0.00 

0.00 

0.000 

0.000 

0.00 

0.002F 

0.007 

0.000 

0.00 

0.00 

6 

IILOi  UATU 

0-  0.00 

0.00 

0.000 

0.000 

0.00 

0.002F 

0.007 

0.000 

0.00 

0.00 

TOTAL  raSH  UATU 

0.00 

0.000 

0.000 

0.00 

21.5«f 

0.007 

0.000 

0.00 

0.00 

SALT  SATSR  (BLACK) 

(Sp.Tol 

.  s  35. 

0052 

ft3/LT) 

He. 

OCSCHIITiM 

SOUHDIHG 

vouac 

UilGHT 

VCG 

%M0N 

LCG 

LMM 

TCG 

TMM 

FRtt  iUI7 

ft-in 

oal 

Lbs 

ft-OL 

ft-Lbo 

ft-AI 

ft-Lbo 

ft-a 

ft-Lbs 

ft-Lbs 

7 

•LAS  HATH  NIT 

0-  0.00 

0.00 

Q.QOO 

0.000 

0.00 

0.002f 

0.007 

0.000 

0.00 

0.00 

TOTAL  SALT  IMTII  (BLAa) 

0.00 

0.000 

0.000 

0.00 

21.5857 

0.007 

0.000 

0.00 

0.00 

HYDRAULIC 

OIL 

(sp.voi 

•  s  42  • 

4320 

ft3/LT) 

Ho. 

OCSCUPTIOH 

SOUHDIHG 

VOLIME 

UilGHT 

VCG 

MOM 

LCG 

LMM 

TCG 

TMM 

7REE  SUIT 

ft-ln 

OHl 

Lbs 

ft-IL 

ft-Lbo 

ft-A7 

ft-Lbo 

tt-a 

ft-Lbs 

ft-Lbs 

8 

HYOIAULIC  OIL 

0-  0.00 

35.00 

247.014 

5.333 

1317.32 

8.1277 

2007.367 

3.000S 

741. 04S 

0.00 

TOTAL  HTDIAULIC  OIL 

33.00 

247.014 

5.333 

1317.32 

8.1277 

2007.367 

3.000S 

741 .04S 

0.00 

TOTAL  ALL  TAMXS 

247.014 

5.333 

1317.32 

8.1277 

2007.367 

3.000S 

741 .04S 

0.00 
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Stability  Taat  tapert 


NOKMy 


SOFT  FULL  LQLO 
CQHDZTZOM  SUMMARY 

SHIP  FULLY  LOADED  READY  FOR  RESCUE  RUN 
4  PEOPLE  ONBOARD  AND  ALL  FUEL  AND  HATER  TANKS  FULL 


Flotation  Water  Specific  Gravity  *  1.0250 


ITEM 

UEI6HT 

Lba 

VCO 

ft-RL 

mm 

ft-  Lba 

LC8 

ft-AR 

LNOM 

ft-  Lba 

TC8 

ft-a 

TNON 

ft-  Lbs 

Light  Ship 

47206.42 

6.365 

300445.81 

19.9917 

943600.56F 

0.048S 

2270.94S 

TOTAL 

660.00 

8.250 

5U5.00 

22.502F 

14851. OOF 

0.050S 

33.00S 

DIESEL  OIL 

4977.32 

2.670 

13^.45 

14.634F 

72840.38F 

0.000 

0.00 

FEESN  tMTEE 

1251.90 

1.667 

2086.91 

31.252F 

39123.63F 

0.000 

0.00 

SALT  UATEE  (ILAOO 

0.00 

0.000 

0.00 

21.S85F 

O.OOF 

0.000 

0.00 

HYDRAULIC  OIL 

0.00 

0.000 

0.00 

21.585F 

O.OOF 

0.000 

0.00 

Conditlen  Total 

54095.64 

5.939 

321267.16 

19.789F 

1070505. 50F 

0.043S 

2303.94S 

8TABZLZTT  CALCULATZOM 

TRZM  CALCULATZOM 

KMt 

10.624 

ft 

LCF  Draft 

3.520 

ft 

VCG 

5.939 

ft 

LCB  (from  AP) 

19.350F 

ft 

GMo 

4.685 

ft 

LCF  (from  AP) 

18.457F 

ft 

F.S.  Moment 

1232.00 

ft-Lbs 

KNl 

72.216 

ft 

F . S .  Correction 

0.023 

ft 

MTlin 

6920.90 

ft-Lb/in 

GMt  Corrected 

4.663 

ft 

Trim 

List 

0.286F  ft 

0.52S  deg 

MOLDED  DRAFTS 

MOLDED  DRAFTS 

AT  MARKS 

F.P. 

3.684 

ft 

Fwd  Narks 

3.617 

ft 

A.P. 

3.398 

ft 

Aft  Narks 

3.398 

ft 

A-20 


United  StetM  CoMt  fiunrd 


Stability  Taat  Rapart 


NaMMW 

DRY  WBZCTTS  -  SOFT  FULL  LOAD 


TOTAL 


Mo. 

MSaiRTIOM 

ICIGNT 

VCfi 

VNQN 

LCG 

LNOM 

TC6 

TNON 

Lba 

ft-M. 

ft-Lfaa 

ft-AR 

ft-Lba 

ft-a 

ft-Lba 

1 

OKU  MBW» 

165.000 

8.250 

1361.25 

18.752F 

3OM.0OF 

2.800S 

462.00S 

2 

C»W  ICMKR 

1A5.000 

8.250 

1361.25 

18.752F 

30M.00F 

2.600F 

429.00F 

3 

CRfU  MBKR 

165.000 

8.250 

1361.25 

26.252F 

4331 .50F 

2.500F 

412.50F 

S 

CMM  Moant 

165.000 

8.250 

1361.25 

26.252F 

4331 .50F 

2.500S 

412.50S 

s 

TOTALS 

660.000 

8.250 

5a5.00 

22.502F 

14851 .OOF 

0.050S 

33.00S 

TOTAL  ALL  ITEMS 

660.000 

8.250 

5U5.00 

22.502F 

14851. OOF 

0.050S 

33.00S 

A-21 


unitad  StMM  Caaat  iiMrd 


Stability  Taat  (apart 


X.2Q0X08  -  SOPT  POLL  LOJU) 

OIISKL  OIL  (Sp.Vel.  s  40.7t25  ft3/LT) 


No. 

OfSCNKTIOH 

X  FULL 

VOLUC 

UEIOMT 

vce 

VMM 

LC6 

LNOH 

TCC 

THOM 

FNU  SUif 

oal 

Lfaa 

ft-8L 

ft-Lba 

ft-AP 

ft-Lba 

ft-CL 

ft-Lba 

ft-Lba 

1 

no  ncL  Qu 

100.0 

333.00 

24U.414 

2.470 

4527.12 

23.732F 

58043.27F 

0.000 

0.00 

470.40 

2 

«n  n«L  OIL 

100.0 

343.00 

2332.708 

2.470 

4742.33 

S.8S5F 

U777.11F 

0.000 

0.00 

741.40 

TOTAL  DlCSfL  OIL 

478.00 

4977.322 

2.470 

13289.45 

14.434f 

72840.38F 

0.000 

0.00 

1232.00 

PRB8H  NATKR 

(Sp.Vel 

.  s  35. 

S814 

ft3/LT) 

No. 

OeSCUNTlOH 

S  FULL 

WLUC 

IfflONT 

VC6 

VNON 

Lce 

LNON 

TCC 

TMOM 

FlU  SUET 

sal 

Ltaa 

ft-Sl 

ft-Lba 

ft-AP 

ft-Lba 

ft-a 

ft-Lba 

ft-Lba 

3 

FMSN  UATIR  MNT 

100.0 

73.00 

423.948 

1.447 

1043.45 

31.2S2F 

19541. 81 F 

4.470P 

417S.07P 

0.00 

4 

mSN  yATd  ST8D 

100.0 

75.00 

423.948 

1.447 

1043.43 

31.2S2F 

19341 .SIF 

4.47DS 

4173.07S 

0.00 

5 

fiMT  IMTEt  STIO 

0.0 

0.00 

0.000 

1.300 

0.00 

33.335F 

O.OOF 

1.330S 

O.OOS 

0.00 

6 

IILSf  UATCN 

0.0 

0.00 

0.000 

8.000 

0.00 

20.427F 

O.OOF 

0.000 

0.00 

0.00 

TOTAL  FUSH  UAT(( 

130.00 

1231.894 

1.447 

2084.91 

31.2S2F 

3912S.43F 

0.000 

0.00 

0.00 

SALT  WATER  (BLACK) 

(Sp.Vel 

.  s  35. 

00C2 

ft3/LT) 

No. 

OCSaUPTlOH 

X  FULL 

VOLUME 

UEIONT 

vce 

VMON 

LCC 

LMOM 

TCC 

TMOM 

FIEE  SUNF 

•al 

Lba 

ft-8L 

ft-Lba 

ft-AP 

ft-Lba 

ft-a 

ft-Lba 

ft-Lba 

7 

(LAcr  iMrn  mkt 

B 

0.00 

0.000 

t.SOO 

0.00 

33.335F 

O.OOF 

0.000 

0.00 

0.00 

TOTAL  SALT  UATEN  (SLACK) 

0.00 

0.000 

0.000 

0.00 

21.S85F 

O.OOF 

0.000 

0.00 

0.00 

HYDRAULIC 

OIL 

(Sp.Vel 

.  s  42. 

4320 

ft3/LT) 

No. 

DfSCNIPTION 

X  FULL 

VOLUME 

UEISHT 

VCG 

VMM 

LCC 

LMOM 

TCC 

TMOM 

FKEE  SUKF 

sal 

Lba 

ft-8L 

ft-Lba 

ft-AP 

ft-Lba 

ft-a 

ft-Lba 

ft-Lba 

8 

HTONAULIC  OIL 

{Hj 

0.00 

0.000 

3.333 

0.00 

8.127F 

O.OOF 

3.000S 

O.OOS 

0.00 

TOTAL  NTMAULIC  OIL 

0.00 

0.000 

0.000 

0.00 

21.S8SF 

O.OOF 

0.000 

0.00 

0.00 

TOTAL  ALL  TANKS 

4229.217 

2.448 

15374.34 

17.974F  111944.00F 

0.000 

0.00 

1232.00 

A-22 


Unitad  StatM  Caaat  fiuard 


Stability  Taat  laport 


MMOmi 

SOFT  RB8CUB  LOXD 
covDXTZov  sDioaaty 

SHIP  WITH  LIGHT  LOAD  -  TANKS  EMPTY  RETURNING  TO  BASE 

WITH  8  PEOPLE  ONBOARD 


Flotation  Water  Specific  Gravity  *  1.0250 


ITfN 

UEISNT 

Lba 

VCS 

ft-8L 

WKM 
ft*  Lba 

LCC 

ft*AP 

LNON 

ft*  Lba 

TC8 

ft*a 

TNON 

ft*  Lba 

Light  Ship 

47206.42 

6.365 

300445.81 

19.991F 

943690.56F 

0.048S 

2270.94S 

TOTAL 

1320.00 

8.250 

10890.00 

25.127F 

33167.00F 

1.212P 

1600.50P 

DIESEL  OIL 

248.87 

2.670 

664.47 

14.634F 

3642.02F 

0.000 

0.00 

FEESN  IMTEE 

62.59 

1.667 

104.35 

31.252F 

1956. 18F 

0.000 

0.00 

SALT  tMTES  (SLACK) 

0.00 

0.000 

0.00 

21.585F 

O.OOF 

0.000 

0.00 

HTDKAULIC  OIL 

0.00 

0.000 

0.00 

21.585F 

O.OOF 

0.000 

0.00 

Candition  Total 

48837.88 

6.391 

312104.66 

20.117F 

98245S.75F 

0.014S 

670.44S 

STABILITY  CALCULATION  TRIM  CALCULATION 


KMt 

11.223 

ft 

LCF  Draft 

3.353 

ft 

VCG 

6.391 

ft 

LCB  (from  AP) 

19.456F 

ft 

GMO 

4.832 

ft 

LCF  (from  AP) 

18.292F 

ft 

F.S.  Moment 

1232.00 

ft-Lbs 

KMl 

77.350 

ft 

F . S .  Correction 

0.025 

ft 

MTlin 

6689.66 

ft-Lb/in 

GMt  Corrected 

4.807 

ft 

Trim 

0.402F 

ft 

List 

0.16S 

deg 

MOLDBD  DRAFTS 

MOLDBD  DRAFTS 

AT  NARKS 

F.P. 

3.585 

ft 

Ftfd  Marks 

3.491 

ft 

A.P. 

3.183 

ft 

Aft  Marks 

3.183 

ft 

A-23 


Unftad  ttAtw  Cowt 


SUbility  Twt  liport 


MOMMW 

DRY  V1IQBT8  -  SOTT  RB8CUS  LORD 

TOYRL 


He. 

OKSCKIPTIOH 

ICI6NT 

Lte 

VC8 

ft'SL 

\MN 

ft-Lbs 

LC6 

ft-AP 

LNQN 

ft-Lta 

TC8 

ft-a 

TNON 

ft-Lto 

1 

CRfW  NEMMR 

18S.OOO 

8.250 

1381.25 

18.752F 

3094.00F 

2.800S 

482.00S 

2 

OKU  NWHR 

1A5.000 

8.250 

1381.25 

18.752F 

3094.00F 

2.800P 

429.00P 

3 

OHM  NnKI 

Itf.OOO 

8.250 

1381.25 

•  28.252F 

4331 .50F 

2.500P 

412.50P 

4 

cmt  MBWtt 

1A5.000 

8.250 

1381.25 

28.252F 

4331 .SOF 

2.500S 

412.501 

5 

MSSOMBI 

16S.000 

8.250 

1381.25 

28.252F 

4881. 50F 

2.300P 

412.50P 

6 

PAssewn 

185.000 

8.250 

1381.25 

28.2S2F 

4881 .50F 

2.800P 

482.00P 

7 

MSffMCi 

185.000 

8.250 

1381.25 

28.252F 

4331 .50F 

2.400P 

398.00P 

8 

PASSCIMER 

185.000 

8.250 

1381.25 

28.2S2F 

4881 .50F 

2.200P 

383.00P 

9 

TOTALS 

1320.000 

8.250 

10890.00 

25.127F 

33187.00F 

1.212P 

1800.50P 

TOTAL  ALL  ZT8II8 

1320.000 

8.250 

10890.00 

25.127F 

33187.00F 

1.212P 

1800.50P 

A-24 


UMM 


ttatoUlty  Twt 


■t 


LXQOXM  -  ton  KMCDI  LOM> 


OZWIL  OZL 

(Sp.Tol 

.  M  40. 

702S 

ft3/LT) 

to. 

onoiiPTiaN 

X  fUU 

VQUMi 

MIOMT 

on 

MM 

LC6 

LMM 

TM 

TMN 

FOa  SUBF 

oal 

Lto 

ffOL 

ft-Lto 

ft-AB 

ft-Lto 

ft-a 

ft-Lto 

ft-Lto 

1 

MD  ML  ML 

10.BS 

m.si 

2.470 

324.34 

S.752F 

2903. 14F 

0.000 

0.00 

470.40 

2 

«n  ML  OIL 

HB8I 

17.8 

1».4a5 

2.470 

330.U 

5.B»F 

738.84F 

0.000 

0.00 

741.40 

TOIAL  Oinn.  OIL 

SS.W 

MB.BM 

2.470 

444.47 

U.434F 

S442.02F 

0.000 

0.00 

1232.00 

mam  wxm 

CSp.TOl 

.  St  SS. 

00X4 

ft3/LT) 

to. 

OOGRimOO 

X  FULL 

WOLUMi 

UilOOT 

va 

MM 

LM 

LMM 

TOO 

TMN 

FOR  SUBF 

o«( 

Lto 

ft'OL 

ft-Lto 

ft-AB 

ft-Lto 

ft-tt 

ft-Lto 

ft-Lto 

3 

MM  wm  NOT 

5.0 

3.n 

31.207 

1.447 

52.17 

31.258 

V78.09F 

4.4I0B 

2M.7SB 

0.00 

4 

MM  IMm  <T» 

5.0 

3.8 

31.207 

1.447 

52.17 

31.252f 

970.09F 

4.4708 

208.nt 

0.00 

S 

8UT  IMM  tno 

0.0 

0.00 

0.000 

1.500 

0.00 

33.335F 

O.OOF 

1.330S 

o.oos 

0.00 

6 

BILM  wm 

0.0 

0.00 

0.000 

B.000 

0.00 

20.427F 

O.OOF 

0.000 

0.00 

0.00 

TOr«L  MM  IMTfl 

7.50 

42.505 

1.447 

104.» 

31.252F 

1954. 18F 

0.000 

0.00 

0.00 

SALT  SATIS  <BLACX) 

(Sp.Tel 

.  «  3S. 

0002 

ft3/LT) 

■ 

to. 

DtsainioM 

X  FUU 

VOLUMI 

UBIOBT 

ves 

MM 

LCS 

LMM 

TC8 

TNM 

F8K  MF 

my 

Lto 

ft*8L 

ft-Lto 

ft-AB 

ft-Lto 

ft-a 

ft-Lto 

ft-Lto 

7 

MMX  IMTtt  MT 

IIIQ 

0.00 

0.000 

1.500 

0.00 

S3.S35F 

O.OOF 

0.000 

0.00 

0.00 

TOTAL  SALT  UATM  (BLAm 

0.00 

0.000 

0.000 

0.00 

21.5857 

O.OOF 

0.000 

0.00 

0.00 

BTSIAULZC 

OIL 

'  7ol 

.  S  42. 

4320  ft3/LT) 

to. 

DBSCBIBTiaN 

X  FULL 

vousc 

UEIBBT 

VC8 

MM 

<s 

LMM 

T» 

TNM 

FOR  MF 

Oal 

Lto 

ft-BL 

ft-Lto 

ft-AB 

ft-Lto 

ft-a 

ft-Lto 

ft-Lto 

8 

NTDRAULIC  OIL 

■Qj 

0.00 

0.000 

5.333 

0.00 

8.127F 

O.OOF 

3.000S 

O.OOS 

0.00 

TOTAL  NTBIAULIC  OIL 

0.00 

0.000 

0.000 

0.00 

21.585F 

O.OOF 

0.000 

0.00 

0.00 

TOTAL  ALL  TAMXB 

311.441 

2.448 

740.82 

17.B74F 

SS98.20F 

0.000 

0.00 

1232.00 
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United  StatM  C«Mt  Uuerd 


Stability  Test  lapert 


SOFT  loumillll  LOAD 
OQMDZTZOM  tUlliaAT 

SHIP  WITH  MAXIMUM  LOAD  -  TANKS  95%  PULL  RETUBNIMG  TO  BASE 

WITH  8  PEOPLE  OMBOABO 


Flotation  Watar  Spacific  Gravity  «  1.0250 


ITtU 

UKIOKT 

Lba 

VC6 

ft-OL 

IMON 
ft'  Lba 

LCO 

ft-AP 

LNOM 

ft*  Lba 

Light  Ship 

47206.42 

6.365 

300445.01 

19.991F 

943690.56F 

TOTAL 

1320.00 

0.250 

10090.00 

25.127F 

33167.00F 

OlESfL  OIL 

472S.4S 

2.670 

126^.97 

14.634F 

60196.32F 

nif  SN  UATfR 

1109.30 

1.667 

19K.56 

31.252F 

37167.UF 

SALT  UATEI  (SLACK) 

0.00 

0.000 

0.00 

21.3S5F 

O.OOF 

STOSAULIC  OIL 

0.00 

0.000 

0.00 

21.505F 

O.OOF 

Condltlan  Total 

54444.10 

5.907 

325943.34 

19.096F 

10S3223.25F 

res 

ft-a 


0.012S 


TNON 
ft*  Lba 

2Z7U.MS 

IdOO.SOP 

0.00 

0.00 

0.00 

0.00 


070.44S 


STABILITY  CALCULATION 


KMt  10.589 
VCG  5.987 
GMO  4.602 
F.S.  Moaant  1232.00 
F.S.  Corraction  0.023 
cait  CorractsKl  4 . 579 


TRIM  CALCULATION 
ft  LCF  Draft 

ft  LCB  (from  AP) 

ft  LCF  (from  AP) 

ft-Lbs  KMl 
ft  MTlin 

ft  Tria 

List 


3.531  ft 
19.345F  ft 
18.466F  ft 
71.900  ft 
6927.29  ft-Lb/in 
0.361F  ft 
0.15S  dag 


MOLDED  DRAFTS 
F.P. 

A.P. 


MOLDED  NIAFTS  AT  MARKS 
3.738  ft  Fwd  Marks  3.654  ft 

3.377  ft  Aft  Marks  3.377  ft 


A-26 


iiii 


UnftMl  StatM  Coast  Suard 


Stability  Taat  laport 


DET  WBZOBT8  -  SOFT  MEZUCOM  LOAD 


Ma. 


MSOIIPTiai 


ISIOIT 

Lba 

TOTAL 

VC8  VNON 

ft*8L  ft-Ltaa 

LC6 

ft'A9 

LNON 

ft-Lba 

TCS 

ft-CL 

185.000 

8.250 

1381.25 

18.752F 

3094.00F 

2.000S 

185.000 

8.250 

1361.25 

18.752P 

3094.00F 

2.8009 

185.000 

8.250 

1381.25 

26.252F 

4331 .50F 

2.5009 

185.000 

8.250 

1381.25 

28.252F 

4331 .50F 

2.500S 

185.000 

8.250 

1381.25 

28.252F 

4881. 50F 

2.5009 

185.000 

8.250 

1381.25 

28.252F 

4881 .50F 

2.8009 

185.000 

8.250 

1361.25 

28.252F 

4331. 50F 

2.4009 

185.000 

8.250 

1381.25 

28.252F 

4861. 50F 

2.2009 

1320.000 

8.250 

10890.00 

25.127F 

33167.00F 

1.2129 

5 

6 

7 

8 


9  TOTALS 


TOTAL  ALL  ZTBII8 


1320.000  8.250  10890.00  2S.127F  33167.00F  1.2129 


TMM 

ft-Lba 


482.008 

429.009 

412.509 

412.50S 

412.509 

482.009 

398.009 

383.009 


1800.509 


1800.509 


A-27 


UMtWl  ttatM  GMSt 


tubllity  TMt  tapMt 


LXQUZM  >  son  laozMOM  uaj> 

DIMBML  OIL  (Bp.Vol,  ■  40.7f2S  ft3/LT) 


M*. 

onairTioH 

X  RILL 

WOUM 

UilOHT 

VCO 

VMON 

LC8 

LNON 

TC6 

TNON 

THEE  8UH7 

Oal 

Lte 

ft*n 

ft-Lbe 

ft-67 

ft-Lbe 

ft-a 

ft-Lbe 

ft-Lbe 

1 

M  fun.  oil 

SU.B 

2S22.3S 

2.670 

6200.76 

23.7S2F 

33160.097 

0.000 

0.00 

470.40 

2 

«rr  fun  on 

327.75 

2106.072 

2.670 

64M.21 

5.8S5F 

140(38.257 

0.000 

0.00 

761.60 

TOTM.  Oinn  OIL 

0U.10 

4728.455 

2.670 

126X4.97 

14.6S4F 

69198.347 

0.000 

0.00 

1232.00 

fAira  vATn 

(ip. Tel 

.  ■  3S. 

SS14 

ft3/LT) 

OnCtlTTlOH 

X  fULL 

VOUM 

ICI8HT 

VC6 

VMON 

LCO 

LNON 

TC8 

TNON 

Tta  8UR7 

OHl 

Lba 

ft*0L 

ft-Lbe 

ft-67 

ft-Lbe 

ft-a 

ft-Lbe 

ft-Lbe 

S 

fUSH  wm  fORT 

9S.0 

71.25 

5M.680 

1.667 

991.28 

31.232F 

18581.727 

6.6709 

3966.329 

0.00 

4 

fHM  IMTII  sno 

95.0 

71.25 

594.680 

1.667 

991.28 

31 .2327 

18583.727 

6.6708 

3966.328 

0.00 

S 

OUT  unn  srao 

0.0 

0.00 

0.000 

1.500 

0.00 

33.335F 

0.007 

1.3308 

0.008 

0.00 

« 

Him  wm 

0.0 

0.00 

0.000 

8.000 

0.00 

20.627F 

0.007 

0.000 

0.00 

0.00 

TOW  ratn  imtu 

142.50 

1189.301 

1.667 

1982.36 

31 .2327 

37167.U7 

0.000 

0.00 

0.00 

SALT  lATBA  (BXJ^) 

(Sp.vel 

.  X  35. 

0042 

ft3/LT) 

■0. 

OCSOUPTIOH 

X  FULL 

WOUMi 

ICIOHT 

VC6 

WON 

LC6 

LNON 

TC6 

TNON 

TREE  8UR7 

OHi 

Lbe 

ft-n 

ft-Lbe 

ft-47 

ft-Lbe 

ft-a 

ft-Lbe 

ft-Lbe 

7 

tutoc  IMTCH  MHT 

m 

0.00 

0.000 

1.500 

o.« 

33.3357 

0.007 

0.00 

0.00 

TOW  WT  MTU  (iUUX) 

0.00 

0.000 

0.000 

0.00 

21.5857 

0.007 

0.000 

0.00 

0.00 

BTDAAULZC 

OZL 

(Sp.Tol 

.  X  42. 

4320 

ft3/LT) 

He. 

OfSOUTTlOH 

X  FULL 

VOIUC 

HEIGHT 

VCO 

WON 

LCG 

LNON 

TCG 

TNON 

FREE  8WF 

0«1 

Lbe 

ft-n 

ft-Lbe 

ft-«P 

ft-lbe 

ft-a 

ft-lbe 

ft-Lbc 

8 

HTOMU.IC  OIL 

HDQI 

0.00 

0.000 

5.333 

0.00 

8.1277 

0.007 

3.0008 

0.008 

0.00 

TOW  HTDMUIIC  OIL 

0.00 

0.000 

o.ooc 

0.00 

21.5857 

0.007 

0.000 

0.00 

0.00 

TOTAL  ALL  TAMX8 

5917.755 

2.468 

14607.54 

17.9747  106365.797 

0.000 

0.00 

1232.00 

A-28 


A-29 


iMiai  tiatM 


ttiklllty  TMt 


■YMUMTUVZC  «MLB 

TrJji  iMtVMfi  Pttrp«ndlculars  0.000  ft 

Specific  Gravity  -  1.0250 


DRAFT 

ft 

DISPLACEMENT 

Lba 

XMt 

ft-BL 

LCB 

ft-AP 

LCF 

ft-AP 

XMl 

ft-BL 

NTlln 

ft-Lb/in 

1 

0.167 

8.96 

0.680 

32.400P 

32.060F 

31.900 

0.55 

2 

0.250 

40. iS 

1.030 

31.960P 

31.510F 

37.500 

2.92 

3 

0.333 

89.60 

1.380 

31.520P 

30.880F 

46.100 

7.97 

4 

0.417 

159.04 

1.730 

31.060P 

30.200F 

53.300 

16  36 

5 

0.500 

271.04 

2.080 

30.580P 

29.560F 

61.400 

32.12 

6 

0.583 

409.92 

2.430 

30.  HOP 

28.910F 

69.100 

54.68 

7 

0.667 

589.12 

2.780 

29.640P 

28.250F 

76.100 

86.54 

8 

0.750 

819.84 

3.140 

29.160F 

27.590F 

83.700 

132.46 

9 

0.833 

1099.84 

3.490 

28.670P 

26.930F 

91.200 

193.62 

10 

0.917 

1440.32 

3.840 

28.180P 

26.270F 

98.900 

274.97 

11 

1.000 

1850.24 

4.190 

27.690P 

25.600F 

106.600 

380.73 

12 

1.083 

2320.64 

4.550 

27.200P 

24.930F 

113.400 

507.99 

13 

1.167 

2860.48 

4.900 

26.700P 

24.240P 

121.300 

669.79 

14 

1.250 

3480.96 

5.260 

26.200P 

23.560F 

129.000 

866.81 

15 

1.333 

4191.04 

5.610 

25.690F 

22.870F 

136.700 

1105.93 

16 

1.417 

4979.52 

5.970 

25.190F 

22.190F 

144.200 

1386.08 

17 

1.500 

5871.04 

6.330 

24.690F 

21.560F 

148.600 

1684.11 

18 

1.583 

6849.92 

6.700 

24.200F 

21.060P 

149.100 

1971.51 

19 

1.667 

7929.60 

7.070 

23.750F 

20.640F 

147.100 

2251.65 

20 

1.750 

9101.12 

7.450 

23.320F 

20.280F 

143.700 

2524.57 

21 

1.833 

10360.00 

7.830 

22.930F 

19.980F 

139.600 

2791.78 

22 

1.917 

11710.72 

8.220 

22.580F 

19.710F 

135.100 

3054.05 

23 

2.000 

13151.04 

8.610 

22.250F 

19.480F 

130.600 

3315.43 

24 

2.083 

14680.96 

9.000 

21.950F 

19.270F 

126.100 

3573.60 

25 

2.167 

16300.48 

9.390 

21.680F 

19.090F 

121.700 

3829.37 

26 

2.250 

18009.60 

9.780 

21.420F 

18.920F 

117.600 

4088.35 

27 

2.333 

19810.56 

10.350 

21.190F 

18.780F 

113.600 

4344.22 

28 

2.417 

21750.40 

12.450 

20.970F 

18.690F 

110.100 

4622.65 

29 

2.500 

23829.11 

13.060 

20.770F 

18.580F 

106.800 

4912.65 

30 

2.583 

25990.72 

13.260 

20.580F 

18.450F 

103.500 

5192.72 

31 

2.667 

28250.87 

13.440 

20.410F 

18.360F 

100.900 

5502.49 

32 

2.750 

30580.47 

13.400 

20.250F 

18.240F 

98.300 

5802.75 

33 

2.833 

32970.57 

13.280 

20.100F 

18.140F 

95.900 

6103.54 

34 

2.917 

35421.11 

13.030 

19.960F 

18.090F 

93.300 

6379.41 

35 

3.000 

37920.97 

12.800 

19.840F 

18.040F 

90.900 

6653.96 

36 

3.083 

40461.11 

12.510 

19.720F 

18.030F 

88.400 

6904.41 

37 

3.167 

43019.20 

12.040 

19.620F 

18.090F 

84.300 

7000.46 

38 

3.250 

45610.88 

11.650 

19.540F 

18.190F 

81.000 

7131.65 

UnlMd  ttttM  CaMt 


StabUity  Taat 


■t 


HTUUMT&TXC  TKtlM  CeOBt'd) 


Trim  bBtvBBn  PBrp«ndlculars  ■> 

0.000  ft 

Spacific  Gravity 

• 

1.0250 

DRAFT 

DISPLACEMENT 

KMt 

LCB 

LCF 

KNl 

NTlin 

ft 

Lbs 

ft-BL 

ft-AP 

ft-AP 

ft-BL 

ft-Lb/in 

39 

3.333 

48209.29 

11.300 

19.470F 

18.270F 

78.000 

7258.75 

40 

3.417 

50821.13 

10.980 

19.410F 

18.360P 

75.300 

7387.13 

41 

3.500 

53450.88 

10.690 

19.360F 

18.440F 

72.800 

7511.43 

42 

3.583 

56100.79 

10.420 

19.320F 

18.510F 

70.400 

7623.92 

43 

3.667 

58777.59 

10.190 

19.280F 

18.610F 

68.605 

7784.00 

Nota:  Orafta  ara  aaaaurad  fraa  tita  baaailna  (aoldad) 
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Unitatf  ttatM  CoMt  tuird 


Stability  Taat  Bapart 


▼B88BL  PKOrZLB  OBSCRZVTXOV 


PROrZLI  COGKOZIATBS 


LOCATIM  mim  LOCATION  NtlSHT  LOCATION  HItSNT 

LOCATION  HilfiNT 


ft-AP 

ft-lL 

ft-AP 

ft-OL 

ft-AP 

ft-OL 

ft-AP 

ft-SL 

1 

0.002P 

1.41*  L 

5 

42.502P 

3.750  L 

9 

42.902P 

8.**0  N 

IS 

14.1*27 

15.400  L 

2 

3S.002P 

0.000  L 

A 

49.502P 

9.1*7  L 

10 

41.2527 

11.200  L 

14 

12.5027 

8.000  L 

3 

37.502P 

1.250  L 

7 

0.002P 

7.833  L 

11 

32.5027 

12.400  L 

« 

40.002F 

2.500  L 

a 

0.002F 

1.41*  N 

12 

30.0027 

15.400  L 

L  •  draw  lina  ta  tbit  laeation  fraa  praviaua  caardinata 
N  ■  aava  ta  tbia  laeation  aitbout  draaino  lina 


Note: 
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502001  NORCRBW  AND  41350  UTILITY  BOAT  NOISE  SURVEYS 


B-1 


Sound  testing  was  conducted  cm  the  502001  SAR  cmncmpt  boat 
on  19  November  1992  at  several  key  locations  on  the  boat.  The 
legations  tested  are  as  follows: 

Lcmatlon  A  -  starboard  crew's  berthing 
Lcxsatlon  B  -  coxswain's  station 
Location  C  -  engine  rexxn 
Lcmatlon  D  -  galley 
Lcxsatlon  E  -  tow  bltt 

Figure  B-1  Illustrates  the  approximate  locations  of  the 
noise  measurements  on  the  502001  boat.  Octave  band  and  "A" 
weighted  Sound  Pressure  Levels  (SPLs)  were  measured  at  cruising 
speed  (19.5  knots)  and  maximum  speed  (22  knots).  A  mlnlmiun  and 
maxlmiuB  were  recorded  using  the  fast  response  level  of  a  Bruel  & 
KJaer  (B&K)  2231  precision  sound  level  meter.  Tables  B-1  and  B-2 
present  the  octave  band  SPLs  measured  In  decibels  relative  to  20 
micro-pascals . 


TABLE  B-1 

502001  OCTAVE  BAND  NOISE  LEVELS 
2195  RPM/19.5  KTS 


(dB  re  20  ^Pa) 


OCTAVB  BAND 
PBlOUBHClia 

A 

B 

LOCATION  (HIOH/lOW) 

c 

D 

B 

31.5 

99.1/91.4 

89.5/83.1 

89.0/86.0 

91.4/82.1 

93.7/84.6 

63 

94.3/86/7 

91.6/81.6 

98.6/93.0 

89.6/83.3 

103.0/96.4 

125 

94.8/87.8 

90.1/80.8 

103.2/96.4 

91.5/81.1 

106.9/97.1 

350 

81.4/75.7 

79.6/75.8 

105.2/102.8 

80.0/76.0 

96.9/89.9 

500 

70.9/66.1 

75.6/72.1 

108.3/106.4 

74.1/68.9 

86.2/83.7 

1000 

U 

69.9/67.7 

110.4/107.6 

69.9/65.9 

84.1/80.4 

2000 

U 

68.3/65.9 

109.3/108.3 

67.7/65.4 

79.7/78.8 

4000 

U 

U 

104.0/102.4 

U 

75.7/73.2 

8000 

U 

U 

108.7/104.4 

U 

72.9/70.4 

16000 

U 

U 

101.9/100.0 

U 

U 

Nota  that  'U* 

indlcataa  an 

undarranga  of 

tha  aound  laval  aatar. 

OCTAVB  BAND 
PAIOUBNCIES 

TABLE  B-2 

502001  OCTAVE  BAND  NOISE 

2372  RPM/22  KTS 

(dB  re  20  (JiPa) 

LOCATION  (HIOH/LOW) 

_ A. _ B_ 

LEVELS 

D  E* 

31.5 

95.9/89.2 

93.0/86.0 

93.4/88.0 

94.3/85.8 

63 

94.0/86.9 

91.0/85.6 

101.8/95.1 

93.4/86.6 

125 

90.6/85.4 

85.5/80.2 

110.9/109.9 

91.3/83.7 

250 

81.6/76.9 

81.5/77.4 

107.5/105.1 

81.9/78.0 

500 

74.6/69.6 

74.2/73.0 

107.6/105.6 

76.9/70.2 

1000 

70.2/62.2 

73.0/70.1 

111.1/110.1 

74.9/68.0 

2000 

0 

70.1/67.5 

110.4/99.5 

72.8/67.1 

4000 

u 

U 

101.4/104.0 

u 

8000 

u 

u 

106.4/102.7 

u 

16000 

u 

u 

99.3/97.6 

u 

*Noiaa  data  not 

aequlrad  with 

aound  laval 

aatar  at  thla  apaad 

bacauaa  of  aaa  aprap  on  tha 

daek  apaea. 
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FIGURE  B-1  Location  of  Noise  Measurements  on  the  502001 
NORCREW  Concept  Boat 


Figures  B-2  and  B-3  present  an  overlay  of  the  average  octave 
band  SPLs  for  the  respective  speeds  measured.  OPNAVINST  9640.1 
provides  recommended  noise  levels  for  various  spaces  on  crafts 
100  feet  or  less  In  length.  These  levels  are  reproduced  In 
Figure  B-4.  Based  on  these  suggested  requirements,  neither  the 
personnel  comfort  requirements  of  category  B  or  the  voice 
communications  category  A  are  met  for  locations  A  (crew's 
berthing)  or  B  (coxswains  station),  respectively,  on  502001,  for 
noise  levels  In  octave  bands  centered  at  250  Hz  and  lower. 

High  noise  levels  were  apparent  when  the  main  cabin  engine 
room  hatch  was  opened.  The  crew  was  conscious  of  this  and 
diligently  put  on  their  hearing  protection  prior  to  opening  the 
hatch.  However,  exposure  to  a  less  careful  crew  might  be  risky. 
An  analysis  by  an  occupational  health  specialist  Is  recommended 
to  determine  If  there  exist  any  risk  to  crew  members  for  long¬ 
term  exposure. 

In  testing  location  A  (crew's  berthing).  It  was  noted  that  a 
resonant  low  frequency  sound  was  emanating  from  the  cubbyhole 
storage  space  between  the  upper  and  lower  bunks.  The  noise 
appeared  to  be  driven  by  engine  and  propeller  structure  borne 
noise  which  were  channeled  and  amplified  through  the  cubbyholes. 
The  noise  level  directly  In  front  of  the  cubbyhole  was  97  dBA. 

The  results  of  the  "A"  weighting  measurements  using  the  B&K 
sound  level  meter  are  presented  In  Table  B-3. 

TABLE  B-3 

502001  "A"  WEIGHTED  NOISE  LEVELS 
(dB  re  20  (iPa) 

LOCATION  (HIGH/LOW) 

_ A _ B _ £ _ B _ I _ 

2195  RPM/  79.8/74.5  79.1/76.3  115.8/115.3  78.4/74.4  92.3/89.9 

19.5  NTS 

2373  HPM/  78.3/74.5  79.6/77.3  116.0/114.8  80.2/74.9  • 

22  KTS 

*NoiB*  data  not  acqulrad  with  aound  laval  aatar  at  thia  apaad  bacauaa  of  aaa  apray  on  tha 
dack  apaca. 


"A"  weighted  noise  level  requirements  from  Figure  B-4  for 
craft  up  to  100  feet  for  the  pilot  house  and  berthing  spaces  are 
met.  A  general  goal  specified  In  OPNAVINST  9640.1  Is  that  the 
"A"  weighted  sound  level  at  full  throttle  should  not  exceed  84  dB 
at  the  helmsman's  station  and  In  the  passenger  crew  compartments. 
Figure  B-5  presents  the  results  of  the  "A"  weighted  measurements 
In  graphical  form. 
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FIGURE  B-2  Average  Octave  Band  SPLs  for  Varioua  Locations  on 

the  502001  at  Cruising  Speed 


(Odno2  3J  aP)ldS 
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FIGURE  B-3  Average  Octave  Band  SPLs  for  Various  Locaticms  on 

the  502001  at  Maxleue  Spcmd 


NOISE  CATEGORIES 


Catogory 

Dofinltion 

A 

Spacoa  whoro  direct  apooch  cooMiinicatien  nuat  bo  undoratood 
with  nlnlnal  error  and  without  ropotltlon.  Acceptable 
nolae  lovola  arc  baaed  on  approalnate  talker-liatoncr  dla- 
tancea,  either  3  or  12  feet,  aa  appropriate  (A3  nay  bo  uaod 
for  dlatancea  up  to  6  feet.  ) 

B 

Spacoa  where  confort  of  poraonnel  in  their  quartcra  ia  the 
prlnary  conaideration  and  where  conawnieation  conaidcra- 
tlona  arc  aecondary. 

C 

Spacea  where  it  la  eaaential  to  amlntain  eapecially  quiet 
condltiona. 

D 

High  noiae-level  arena  where  voice  connunication  la  not 
Inportant.  where  ear  protection  la  not  provided,  and  where 
prevention  of  hearing  loaa  ia  the  prlnary  conaideration. 

E 

High  noiae-lcvel  arena  where  voice  cosnunication  la  at  high 
vocal  effort  and  where  anpllfied  apcech  and  telephonea  are 
nornally  available. 

RECOMOflDED  NOISE  CATECOtIBS*  AND  A-UEIGRTED 
SOUND  LEVELS  FOR  SHALL  CRAFT 


cT  /^O  ' 


Space 

Speed 

Craft  Overall  Length,  ft  I 

■aattii 

■ttiau 

Filot  Houae 

Haxinun 

B  (82) 

83  (70) 

Radio  Room 

Maxinun 

B  (82) 

Aj  (70) 

Conbat  Infornation  Center 

Haxinun 

B  (82) 

A3  (70) 

Chart  Room 

Haxinun 

B  (82) 

Av  (70) 

Enclosed  Operating  Stations 

Haxinun 

B  (82) 

Berthing  and  .Lining  Space 

Haxinun 

D  (8A) 

B  (82) 

Berthing  and  Living  Space 

Slow  Patrol 

B  (70) 

B  (70) 

Nessroon 

Haxinun 

D  (84) 

B  (82) 

Hes croon 

Slow  Patrol 

B  (70) 

B  (70) 

Galley 

Haxinun 

0  (84) 

B  (82) 

Galley 

Slow  Patrol 

B  (70) 

B  (70) 

Workshop 

Haxinun 

D  (84) 

D  (84) 

Open  Bridge 

Haxinun 

D  (84) 

E  (82) 

Passenger  Conpartnent 

Haxinun 

D  (84) 

B  (82) 

RECOItfCNDCD  OCTAVE-SAND*  SOUND-FRESSURE  LEVELS 
FOR  SHALL  CRAFT 
(db  r«  20  UF«) 


Noise 

Category 

31.5 

63 

123 

230 

A3 ,  B 

90 

84> 

7f* 

76 

0  ,  E 

105 

100 

95 

90 

*ln  addition  to  Mooting  tho  A-«oightod  liwita 
of  Tabla  1-S*  tho  low  frogwoneioa  ahall  bo  liaitod 
to  tho  looola  gioon  in  tho  abooo  tabU. _ 
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FIGURE  B-4  OPNAVINST  9640.1,  Recommended  Noise  Levels  for 
Various  Spaces  on  Craft  100  Feet  or  Less 


Preliminary  TECHEVAL  results.  Including  502001  noise  data, 
were  presented  at  the  March  1993  Project  Evaluation  Board  (PEB) 
meeting.  PEB  members  suggested  that  a  noise  comparison  to  the 
41 -FT  UTB  would  be  desirable.  R&OC  personnel  made  arrangements 
with  Station  New  London  to  collect  similar  noise  data  on  the 
41350  on  22  and  29  April  1993  at  locations  similar  to  those 
collected  on  the  502001.  The  locations  tested  were: 

Location  A  -  survivor's  cabin 
Location  B  -  coxswain's  station 
Location  C  -  engine  room 
Location  E  -  tow  bitt 

Octave  band  and  "A"  weighted  Sound  Pressure  Levels  were  measured 
at  the  41350's  cruising  speed  (12  knots)  and  maximum  speed  (25 
knots)  as  was  done  on  the  502001.  Table  B-4  and  Table  B-5 
presents  the  Octave  Band  SPLs  measured  in  decibels  relative  to  20 
micro  pascals  for  the  41350.  Figure  B-6  and  Figure  B-7  display 
this  information  graphically. 


TABLE  B-4 

41350  OCTAVE  BAND  NOISE  LEVELS 
1800  RPM/12  KTS 
(dB  re  20  |iPa) 

OCTATt  tAIIO  LOCATXOII  (HIOM/LOV 


FlAOBMieilA _ 

31. S 

A 

82.2/72.2 

_ 1 _ 

87.7/79.7 

_ C _ 

90.6/84.6 

—I _ 

81.0/77.5 

63 

82.1/77.1 

89.3/86.7 

95.3/90.6 

96.4/93.6 

135 

87.5/80.2 

92.4/90.7 

102.0/98.3 

102.2/99.2 

250 

78.0/76.7 

63.6/79.9 

103.6/99.3 

89.4/86.8 

500 

60.9/76.4 

77.5/74.6 

102.3/99.9 

88.7/86.3 

1000 

77.7/75.5 

75.1/70.9 

106.8/105.8 

87.0/84.5 

3000 

74.5/72.7 

71.4/69.6 

105.8/104.8 

78.2/77.2 

4000 

70.2/68.9 

68.2/66.8 

102.1/100.5 

74.9/73.5 

8000 

U 

61.7/  0 

93.0/92.0 

68.3/66.0 

16000 

U 

tf 

87.4/86.4 

U 

Rot*  that  *0* 

Indleotoo  an 

undo r rang*  of  tha 

aeund  laval  ootor. 

TABLE  B 

-5 

41350 

OCTAVE  BAND 

NOISE  LEVELS 

2600  RPM/25  KTS 

(dB  re  20 

^Pa) 

OCTATI  BARD 

LOCATIOR  (HIGH/LOV) 

A 

■ 

c 

c 

31.5 

92.9/83.3 

101.9/93.0 

98.4/88.2 

86.9/77.5 

63 

88.7/84.0 

91.8/87.4 

103.5/96.8 

98.5/94.2 

125 

91.0/86.9 

93.8/89.9 

106.2/103.8 

101.5/98.1 

250 

90.0/86.4 

94.6/88.6 

106.7/104.3 

97.4/94.3 

500 

83.0/80.3 

84.0/79.6 

106.1/103.9 

95.0/91.0 

1000 

79.4/76.8 

77.2/73.3 

110.6/108.9 

89.6/87.4 

2000 

75.6/73.1 

76  V74.4 

109.7/108.4 

87.1/85.0 

4000 

71.5/69.6 

72.9/71.4 

105.8/103.7 

83.5/82.0 

8000 

1/62.4 

69.8/67.8 

102.2/101.4 

78.2/75.4 

1600 

U 

96.1/95.5 

70.1/67.8 
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502001  ’A’  Weighting  Noise  Levels 
November  1  992 


Octave  Band  Noise  Sound  Levels 

at  2600  RPM(25  knots) 


B-IO 


41350  at  Cruising  Spend 


Octave  Band  Noise  Sound  Levels 
at  1  800  RPM(l  2  knots) 


B' 


Table  B-6  presents  the  A  %«elghted  measurenents  fron  the  B&K 
sound  level  meter  and  Figure  B-8  presents  the  results  In 
graphical  form.  Note  that  there  are  no  Galley  noise 
measurements . 


TABLE  B-6 

41350  "A"  tfElGHTEO  NOISE  LEVELS 
(dB  re  20  pPa) 


LOC&TIOK  (HIOH/LOW) 

_ ft _ I _ C _ ft 

ISOO  RPH/  82.0/a0.4  •3.4/7S.2  111.2/110.3  70.3/64.3 

12  KTS 

2600  ara/  06.9/63.3  07.1/63.2  111.4/113.0  96.5/94.0 

26  KTS 


The  results  of  the  "A**  weighted  noise  level  measurements  of 
the  502001  and  the  41350  are  compared  graphically  In  Figure  B-9. 
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APPENDIX  C 


502001  NORCREW  AND  41500  SIDE-BY-SIDE 
SEAKEEPING  PERFORMANCE  DATA 
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BEAM  SEA  ENCOUNTER  SPECTRUM 
502001  SEAKEEPING  TESTING 


502001  ROLL  AMPLITUDE 

SPEED  17  KNOTS 


C-3 


FIGURE  C-2  502001  Roll  Amplitude,  17  Knots 


ROLL  RMPLITUDE 

iH  IH  KNOTS 


C-3  41500  Roll  Amplitude,  14  Knots 


502001  ROLL  RMPLITUDE 

SPEED  IB  KNOTS 


FIGURE  C— 4  502001  Roll  Anplltudo,  10  Knots 


ROLL  AMPLITUDE 

3)  10  KNOTS 


C-6 


figure  c-5  41500  Roll  Amplitude,  10  Knots 


PITCH  RMPLITUDE 


FIGURE  C-6  502001  Pitch  Amplitude,  17  Knots 


41500  UTB  PITCH  RMPLITUDE 

SPeCQ  m  KNOTS 


030)  HDlId 


figure  C-7  41500  Pitch  Aaplltude,  14  Knots 


PITCH  AMPLITUDE 


FIOURB  C-8  502001  Pitch  Afl^litude,  10  Knots 


PITCH  AMPLITUDE 

XO  la  KNOTS 


C-10 


FIGURE  C-9  41500  Pitch  Aiq>lltude,  10  Knots 


HERVE  RMPLITUDE 

SPEED  17  KNOTS 


FIGURE  C-10  502001  Heave  Amplitude,  17  Knots 


HERVE  RMPLITUDE 

!£0  IH  KNOTS 
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FIGURE  C-11  41500  Heave  Amplitude,  14  Knots 


502001  HEAVE  AMPLITUDE 

SPEED  10  KNOTS 


C-13 


FIGtIRB  C-12  502001  Heave  Aeplltude,  10  Knots 


HEAVE  AMPLITUDE 

XD  10  KNOTS 


FIGURE  C-13  41500  Heave  Anplltude,  10  Knots 


^OLL  RESPONSE  SPECTRUM 
502001  20  KNOTS  IN  BEAM  SEAS 
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(ZH/os-03a)asdmoy 


ROLL  RESPONSE  SPECTRUM 

41  500  20  KNOTS  IN  BEAM  SEAS 
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ENCOUNTER  FREQUENCY  (HZ) 


PITCH  RESPONSE  SPECTRUM 
502001  1  7  KNOTS  IN  HEAD  SEAS 


(2H/0S-03a)  asd  HOlId 
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RESPONSE  SPECTRUM 
)  1  4  KNOTS  IN  HEAD  SEAS 


HEAVE  ACCELERATION  RESPONSE  SPECTRUM 
502001  1  7  KNOTS  IN  HEAD  SEAS 
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HEAVE  ACCELERATION  RESPONSE  SPECTRUM 

41  500  1  4  KNOTS  IN  HEAD  SEAS 
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HEAD  SEA  ENCOUNTER  SPECTRUM 

502001  SEAKEEPING  TESTING 


C-21 


C-22 


FIGURE  C-21:  41500  Head  Saa  Bncountar  Spactrua  at  14  Knota 


ROLL  RESPONSE  AMPLITUDE  OPERATOR 

502001  20  KNOTS  IN  BEAM  SEAS 
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ROLL  RESPONSE  AMPLITUDE  OPERATOR 

41  500  20  KNOTS  IN  BEAM  SEAS 
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RESPONSE  AMPLITUDE  OPERATOR 
502001  1  7  KNOTS  IN  HEAD  SEAS 
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PITCH  RESPONSE  AMPLITUDE  OPERATOR 

41  500  1  4  KNOTS  IN  HEAD  SEAS 
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RESPONSE  AMPLITUDE  OPERATOR 
502001  1  7  KNOTS  IN  HEAD  SEAS 


o 
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HEAVE  RESPONSE  AMPLITUDE  OPERATOR 

41  500  1  4  KNOTS  IN  HEAD  SEAS 
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VERTICAL  ACCELERATION  DATA  COLLECTED  AT 
THE  CENTER  OF  GRAVITY 
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FIGURE  C-28:  4150O  and  502001  RMS  Acceleration  Data  Collected  at 

the  Center  of  Gravity 


VERTICAL  ACCELERATION  DATA  COLLECTED  AT 
THE  COXSWAIN’S  CHAIR 


C-30 


FIGURE  C-29i  41500  and  502001  RMS  Acceleration  Data  Collected  at 

the  Coxswain's  Chair 


